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FOR THE 



ADVANCEMENT OF SCIENCE. 



^ At the meeting of the British AssociaticM* m 
i G^tsgow, in 1840, 1 had the honour to present the 
fiirst part of a report on the then present state of 
Organic Chemistry, in which I endeavoured to de- 
velop the doctrines of this science in their bearing 
on Agriculture and Physiology. 

It affords me now much gratification to be able 
to communicate to the meeting of the Association 
for the present year the second part of my labours ; 
in which I have attempted to trace the application 
i. of Organic Chemistry to Animal Physiology and 
Pathology. 

In the present work an extensive series of phe- 
nomena have been treated in their chemical relar 
tions ; and although k would be presumptuous to 
consider the questions here raised as being definite-' 
ly resolved, yet those who are femiliar with chemis- 
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try will perceive that the only method which can 
lead to their final resolution, namely, the quantUor 
tive method, has been employed. 

The formulae and equations in the second part, 
therefore, although they are not to be viewed as 
ascertained truths, and as furnishing a complete, or 
the only explanation of the vital processes there 
treated of, are yet true in this sense : that being 
deduced fix)m facts by logical induction, they must 
stand as long as no new facts shall be opposed to 
them. 

When the chemist shows, for example, that the 
elements of the bile, added to those of the urate 
of ammonia, correspond exactly to those of blood, 
he presents to us a fact which is independent of all 
hypothesis. It remains for the physiologist to de- 
termine, by experiment, whether the conclusions 
drawn by the chemist from such a fact be accurate 
or erroneous. And whether this question be an- 
swered in the affirmative or in the negative, the fact 
remains, and will some day find its true explana- 
tion. 

I have now to perform the agreeable duty of 
expressing my sense of the services rendered to me 
in the preparation of the English edition by my 
fiiend Dr. Gregory. The distinguished station he 
occupies as a chemist ; the regular education which 
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he has received in the various branches of medi^ 

cine ; and his intimate acquaintance with the Grer- 

man language — all these, taken together, are the 

best securities that the translation is such as to 

convey the exact sense of the original ; securities, 

such as are not often united in the same individual. 

It is my intention to foUow this second part with 

a third, the completion of which, however, cannot 

be looked for before the lapse of two years. This 

third part wiU contain an investigation of the food 

of man and animals, the analysis of all articles of 

diet, and the study of the changes which the raw 

fix)d undergoes in its preparation ; as, for example, 

in fermentation (bread), baking, roasting, boihng, 

&c. Already, it is true, many analyses have been 

made for the proposed work ; but the number of 

objects of investigation is exceedingly large, and in 

order to determine with accuracy the absolute value 

of seed, or of flour, or of a species of fodder, &c., as 

food, the ultimate analysis alone is not sufficient ; 

there are required comparative investigations, which 

present very great difficulties. 

Dr. JUSTUS LIEBIG. 

GlESSEN, 

3rd June, 1842. 



NOTE. 

I wouI4 beg le^ve to refer the chemical as 
wgU a3 the physiological rei^r particulaxly to the 
SOU^yses (lA Note (27), Appendix) of the animal 
tissues, which ought to have been referred to oi^ 
pjBiges 43 and 126, and which at present are only 
referred to in Note (7). Since the work wa^ 
printed, moreover, there has been added, at the end 
of the Appendix, an interesting paper by Keller 
(see page 325), confirming the very iipportaat ob- 
8ervatio^ of A. Ure, junior, as to the conversion of 
benzoic acid into hippuric acid in the human body ; 
^ fact which I perceive, by the Philosc^hical Maga- 
ane for Jupe, has also been confirmed by Mr. Gar- 
rod, probably at an earlier period than by M. Keller* 
The reader will perceive that this fact strengthens 
materially the argument of the Author on the action 
of remedies. 

W. G. 
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By the application to Chemistry of the methods 
which had for centuries been followed by philoso- 
phers in ascertaining the causes of natural pheno- 
mena in physics — ^by the observation of weight and 
measure — ^Lavoisier laid the foundation of a new 
science, which, having been cultivated by a host of 
distinguished men, has, in a singularly short period, 
reached a high degree of perfection. 

It was the investigation and determination of all 
the conditions which are essential to an observation 
or an experiment, and the discovery of the true 
principles of scientific research, that protected 
chemists from error, and conducted them, by a way 
equally simple and secure, to discoveries which have 
shed a brilliant light on those natural phenomena 
which were previously the most obscure and in- 
comprehensible. 

The most usefiil applications to the arts, to in- 
dustry, and to all branches of knowledge related to 
chemistry, spnmgfrom the laws thus established J 
and this influence was not delayed till chemistry 
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had attained its highest perfection, but came into 
action with each new observation. 

All existing experience and observation in other 
departments of science roactedy in like manner, on 
the improvement and development of chemistry ; 
so that chemistry received jfrom metallurgy and 
fi)rm other industrial arts as much benefit as she 
had conferred on them. While they simultaneously 
increased in wealth, they mutually contributed to 
the development of each other. 

After mineral chemistry had gradually attained 
its present state of development, the,. labors of 
chemists took a new direction. From the study 
of the constituent parts of vegetables and animals, 
new and altered views have arisen ; and the present 
work is an attempt to apply these views to phys^ . i 
logy and pathology. a- ^ 

In earlier times the attempt has beai rxutAf^j o^ 
often with great success, to apply to the objiksts of 
the medical art the views derived froiti qn acquaint- 
ance with <$hAmical observations. Indeed, the great 
physicians, wjb lived towards (he en4 of the seven- 
teenth century, were the founders of chemistry, and 
in those days the only philosophers aequainted with 
it. The phlogistic system was the dawn of a new 
day ; it was the victory of philosophy over the 
ifodest empiricism. 



With all its diacoveriee, modern chemistry has 
performed but slender services to physiology and 
pathology ; and we cannot be deceived as to the 
cause of this failure, if we isfiect that it was found 
impOBsiblc to trace any eon of relation between the 
observations made in inorganic chemistry, the 
knowledge of the charac^rs of the elementary 
bodies and of such of their compounds as could be 
formed in the laboratory, on the one hand, and the 
living body, with the characters of its constituents, 
on the other. 

Physiology took no share in the advancement of 
chemistry, because for a long period she received 
&om the latter science no assistance in her own 
development. This state of matters has been en- 
tirely changed within five-and-twenty years. But 
dtiriag this period physiology has also acquired new 

lya and methods of investigation within her own 
province ; and it is only the exhaustion of these 
somCea of discovery which has enabled us to look 
forward to a change in the direction of the labours of 
physiologists. The time for such a change is now 
at hand ; and a perseverance in the methods lately 
followed in physiology would now, from the want, 
■which must soon be felt, of fresh points of departure 
fi» researches, render physiology more extensive, 
bst neither m(»e profound nor more solid. 
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No one will venture tx) maintainy that the know- 
ledge of the forms and of the phenomena of motion 
in organized beings is either imnecessary or impro- 
fitable. On the contrary, this knowledge must be 
considered as altogether indispensable to that of the 
vital processes. But it embraces only one class of 
the conditions necessary for the acquisition of that 
knowledge, and is not of itself sufficient to enable 
us to attain it. 

The study of the uses and functions of the differ- 
ent organs, and of their mutual connection in the 
animal body, was formerly thfe chief object of phy- 
siological researches ; but lately this study has 
&llen into the back-ground. The greater part of 
all the modem discoveries has served to enrich 
comparative anatomy far more than physiology. 

These researches have yielded the most valuable 
results in relation to the recognition of the dissimir 
lax forms and conditions to be found in the healthy 
and in the diseased organism ; but they have 
yielded no conclusions calculated to give us a more 
profound insight into the essence of the vital pro- 
cesses. 

The most exact anatomical knowledge of the 
structure of the tissues cannot teach us their uses ; 
and jfrom the microscopical examination of the most 
minute reticulations of the vess^ we can learn no 
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more as to their functions than we have learned 
concerning vision from counting the surfaces on the 
eye of the fly. The most beautiful and elevated 
problem for the human intellect, the discovery of 
the laws of vitality, cannot be resolved, nay, cannot 
even be imagined, without an accurate knowledge 
of chemical forces ; of those forces which do not 
act at sensible distances ; which are manifested in 
the same way as those ultimate causes by which 
the vital p}ienomena are determined ; and which 
axe invariably found active, whenever dissimilar 
substances come into contact. 

Physiology, even in the present day, still endea- 
vors, but always after the fashion of the phlogistic 
chemists (that is, by the qualitative method,) to 
apply chemical experience to the removal of dia- ^ 
eased conditions ; but with all these countless experi- 
ments we are not one step nearer to the causes and ^ 
the essence of disease. r'^J^: 

Without proposing well-defitied questions, expe^^, 
rimenters have placed blood, urine, and all the con- 
stituents of the healthy or diseased frame, in con- 
tact with acids, alkalies, and all sorts of chemical 
re-agents ; and have drawn, from observation of 
the changes thus produced, conclusions as to their 
behaviour in the body. 

B 
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By pursuing this method, useful remedies or 
modes of treatment might by accident be disco- 
vered; but a rational physiology cannot be founded 
on mere re-actions, and the living body cannot be 
viewed as a chemical laboratory. 

In certain diseased conditions, in which the 
blood acquires a viscid consistence, this state can- 
Bot be permanently removed by a chemical action 
on the fluid circulating in the blood-vessels. The 
deposit of a sediment from the urine may, perhaps, 
be prevented by alkalies, while their action has not 
the remotest tendency to remove the cause of dis- 
ease. Again, when we observe, in typhus, insolu- 
ble salts of ammonia in the faeces, and a change in 
llie globules of the blood similar to that which may 
be artificially produced by ammonia, we are not, on 
ibat account, entitled to consider the presence of 
ammonia in the body as the cause, but only as the 
efifect of a cause. 

Thus medicine^ after the fashion of the Aristote- 
lian philosophy, has formed certain conceptions in 
regard to nutrition and sanguification ; articles of 
diet have been divided into nutritious and non- 
nutritious ; but these theories, being founded on 
observations destitute of the conditions most essen- 
tial to the drawing of just conclusions, could not be 
received as expressions of the truth. 



^ 
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How clear are now to us J^e relations of this 
different articles of food to the objects which they 
serve in the body, since organic chemistry hag 
applied to the investigation her qtmntitative method 
of research ! 

When a lean goose, weighing 4 lbs., gains, ia 
thirty-six days, during which it has been fed with 
24 lbs. of maize, 5 lbs. in weight and yields 3^ lbs. 
of pure fat, this fat cannot have been contained in 
the food, ready formed, because maize does not 
contain the thousandth part of its weight of fat, or 
of any substance resembling fat. And when a cer- 
tain number of bees, the weight of which is exactly 
known, being fed with pure honey, devoid of wax, 
yield one part of wax for every twenty parts of 
honey consumed, without any change being percep- 
tible in their health or in their weight, it is impossi- 
ble any longer to entertain doubt as to the forma- 
tion of fat from sugar in the animal body. 

We must adopt the method which has thus led 
to the discovery of the origin of fat, in the investi- 
gation of the origin and alteration of the secretionSi 
as well as in the study of all the other plienomena 
of the animal body. From the moment that we 
begin to look earnestly and conscientiously for the 
true answers to our questions, that we take the 
trouble, by means of weight and measure, to fix our 
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observations, and express them in the form of 
equations, these answers are obtained without diffi- 
culty. 

However numerous our observations may be, yet, 
if they only bear on one side of a question, they 
will never enable us to penetrate the essence of a 
natural phenomenon in its full significance. If we 
are to derive any advantage from them, they must 
be directed to a well-defined object ; and there 
must be an organized connection between them. 

Mechanical philosophers and chemists justly as- 
cribe to their methods of research the greater part 
of the success which has attended their labors. 
The result of every such investigation, if it bear in 
any degree the stamp of perfection, may always be 
given in few words ; but these few words are eter- 
nal truths, to the discovery of which numberless 
experiments and questions were essential. The 
researches themselves, the laborious experiments 
and complicated apparatus, are forgotten as soon as 
the truth is ascertained. They were the ladders, 
the shafts, the tools, which were indispensable to 
enable us to attain to the rich vein of ore ; they 
were the pillars and air passages which protected 
the mine from water and from foul air. 

Every chemical or physical investigation, how- 
ever insignificant, which lays claim to attention^ 
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must ia the present day possess this character. 
From a certain number of observations it must 
enable us to draw some conclusion, whether it b^ 
extended or limited. 

The imj>erfection of the method or system of 
research adopted by physiologists can alone explain 
the fact, that for the last fifty years they have estar 
blished so few new and solid truths in regard to a 
more profound knowledge of the functions of the 
most important organs, of the spleen, of the Uver, 
and of the numerous glands of the body ; and the 
limited acquaintance of physiologists with the me- 
thods of research employed in chemistry will con- 
tinue to be the chief impediment to the progress of 
physiology, as well as a reproach which that science 
cannot escape. 

Before the time of Lavoisier, Scheele, and 
Priestley, chemistry was not more closely related 
to physics than she is now to physiology. At the 
present day chemistry is so fused, as it were, into 
physics, that it would be a difficult matter to draw 
the line between them distinctly. The connection 
between chemistry and physiology is the same, and 
in another half-century it will be found impossible 
to separate them. 

Our questions and our experiments intersect io 
numberless curved lines the straight line that leada 
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to truth. It is the points of intersection that indi- 
cate to us the trae direction ; but, owing to the 
imperfection of the human intellect, these curve 
lines must be pursued. Observers in chemistry and 
physics have the eye ever fixed on the object which 
they seek to attain. One may succeed, for a space^ 
m following the direct line ; but all are prepared 
for circuitous paths. Never doubting of the ulti- 
mate success of their efforts, provided they exhibit 
constancy and perseverance, their eagerness and 
courage are only exalted by difficulties. 

Detached observations, without connection, are 
points scattered over the plain, which do not allow 
us to choose a decided path. For centuries chemis^ 
try presented nothing but these points, and suffi- 
cient means were available to fill up the intervals 
between them. But permanent discoveries and 
real progress were only made when chemists ceased 
to make use of fancy to connect them. 

My object in the present work has been to direct 
attention to the points of intersection of chemistry 
with physiology, ai>d to point out those parts in which 
the sciences become, as it were, mixed up together. 
It contains a collection of problems, such as chemis- 
try at present requires to be resolved ; and a number 
of conclusions drawn according to the rules of that 
science firom such observations as have been madfi«. 
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These questions and problems will be resolved r 
and we cannot doubt that we shall have in that 
case a new physiology and a rational pathology. 
Our sounding line, indeed, is not long enough to 
measure the depths of the sea, but is not on that 
account less valuable to us : if it assist us, in the 
mean time, to avoid rocks and shoals, its use is su& 
ficiently obvious. In the hands of the physiologist,, 
organic chemistry m^ust become an intellectual 
instrument, by means of which he will be enabled 
to trace the causes of phenomena invisible to the 
bodily sight j and if am^ong the results which I 
have developed or indicated in this work, one alone 
shall admit of a useful appUcation, I shall consider 
the object for which it was written as fully attained* 
The path which has led to it will open up other 
paths ; and this I consider as the most important 
object to be gained. 

JUSTUS LIEBIG. 

GiESSEN,. Aprilf 184^.. 
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I. In the animal ovum, as well as in the seed of 
a plant, we recognize a certain remarkable force, 
the source of growth, or increase in the mass, and 
of reproduction, or of supply of the matter con- 
sumed ; a force in a state of rest. By the action of 
external influences, by impregnation, by the pre- 
sence of air and moisture, the condition of static 
equilibrium of this force is disturbed ; entering into 
a state of motion or activity, it exhibits itself in the 
production of a series of forms, which, although 
occasionally bounded by right lines, are yet widely 
distinct from geometrical forms, such as we observe 
in crystallised minerals. This force is called the 
vital force, vis vttae or vitality. 

The increase of mass in a plant is determined by 
the occurrence of a decomposition which takes 
place in certain parts of the plant under the influ- 
ence of light and heat.' 

In the vital process, as it goes on in vegetables, 
it is exclusively inorganic matter which undergoes 
•this decomposition ; and if, with the most distin- 
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guished mineralogists, we consider atmospherical 
air and certain other gases as minerals, it may be 
said ihat the vital process in vegetables accom- 
plishes the transformation of mineral substances 
into an organism endued with life ; that the mineral 
becomes part of an organ possessing vital force. 

The increase of mass in a living plant implies 
that certain component parts of its nourishment be- 
come Ci^mponent parts of the plant; and a com- 
parison of the chemical composition of the plant 
with that of its nourishment, makes known to us, 
with jx^itive certainty, which of the component 
peiris of the latter have been assimilated, and which 
have Ux^n rejocteiK 

The observations of vegetable physiologists and 
the researches of chemists have mutually contri- 
butoil to establish the fact, that the growth and 
developiueni of vegetables depend on the elimi- 
wation i^f oxygtni, which is separated from the other 
comjHMu>m jx^rts of their nourishment. 

h\ contradistinction to vegetable life, the life of 
•lunmls exhibits itself in the continual absorption 
ot tho oxygen of the air, and its combination with 
ct>rtain .Hn„,H>nent i>aris of the animal body. 

a/; ?a\T'^"' ';V"^ "^""^^ "^'-S can serve 
a* Ud o vegetables, until, by the processes of 

"M»>>MMuo «,«ut>r. ihe animal orcanism ,^ • 
;««-. Tho Rhh. or «ll*ania.ab.tn'^,rr''^ 



- ANIMAL LIFK. 8 

Animals are distinguished from vegetables by the 
faculty of locomotion, and, in general, by the posses- 
sion of senses. 

The existence and activity of these distinguish- 
ing faculties depend od certain instruments which 
are never found in vegetables. Comparative ana- 
tomy shows, that the phenomena of motion and sen- 
saiion depend on certain kinds of apparatus, which 
have no other relation to each other than this, that 
they meet in a common centre. The substance of 
the spinal marrow, the nerves, and the brain, is in 
its composition, and in its chemical characters, essen- 
tially distinct from that of which cellular substance, 
membranes, muscles, and skin are composed. 

Every thing in the animal organism, to which 
the name of motion can be applied, proceeds from 
the nervous apparatus. The phenomena of motion 
in vegetables, the circulation of the sap, for exam- 
ple, observed in many of the characeae, and the 
closing of flowers and leaves, depend on physical 
and mechanical causes. A plant is destitute of 
nerves. Heat and light are the remote causes of 
motion in vegetables ; but in animals we recognize 
in the nervous apparatus a source of power, capa- 
ble of renewing itself at every moment of their ex- 
istence. 

While the assimilation of food in vegetables, and 
the whole process of their formation, are depen- 
dant on certain external influences which produce 
motion, the development of the animal organism 
is, to a certain extent, independent of these external 
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influences, just because the animal body can pro- 
duce within itself that source of motion which is 
indispensable to the vital process. 

Assimilation, or the process of formation and 
growth — in other words, the passage of matter 
from a state of motion to that of rest — ^goes on in 
the same way in animals and in vegetables. In both^ 
the same cause determines the increase of in|p« 
This constitutes the true vegetative life, whiwis 
carried on without consciousness. 

The activity of vegetative life manifests itself, 
in vegetables, with the aid of external influences ; 
in animals, by means of influences produced within 
their organism. Digestion, circulation, st >n, 
are no doubt under the influence of the nefvous 
system ; but the force which gives to the germ, the 
leaf, and the radical fibres of the vegetable the 
same wonderful properties, is the same as that 
residing in the secreting membranes and glands of 
animals, and which enables every animal organ to 
perform its own proper function. It is only the 
source of motion that differs in the two great classes 
of organised beings. 

While the organs of the vital motions are never 
wanting in the lowest orders of animals, as in the 
impregnated germ of the ovum, in which they are 
developed first of all, we find, in the higher orders 
of animals, peculiar organs of feeling and sensation, 
of consciousness and of a higher intellectual ex- 
istence* 

Pathology informs us that the true vegetative life 
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is in no way dependant on the presence of this 
apparatus; that the process of nutrition proceeds 
in those parts of the body where the nerves of 
sensation and voluntary motion are paralysed, ex- 
actly in the same way as in other parts where these 
nerves are in the normal condition ; and,, on the 
other hand, that the most energetic volition is inca- 
pable of exerting any influence on the contractions 
of the heart, on the motion of the intestines, or on 
the processes of secretion. 

The higher phenomena of mental existence can- 
not, in the present state of science, be referred to 
their proximate, and still less to their ultimate 
ca -jr We only know of thejtejglfcfat they exists 
\se ascribe them to an Immaterial S^p&opjr* and thatt 
in so far as its manifestations are connected with 
matter, an agency entijgly distinct from the vital 
force, with which it has nothing in common. 
. It cannot be denied that this peculiar force ex- 
ercises a certain influence on the activity of vege- 
tative life, just as other immaterial agents, such 
as Light, Heat, Electricity, and Magnetism do ; but 
this influence is not of a determinative kind, and 
manifests itself only as an acceleration, a retarding, 
or a disturbance of the process of vegetative life. 
In a manner exactly analogous, the vegetative life 
reacts on the conscious mental existence. 

There are thus two forces which are found in 
activity together ; but consciousness and intellect 
inay be absent in animals as thev are in living 
vegetables, without their vitality 6eing otherwise 

1* 
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afifected than by the want of a peculiar source of 
increased energy or of disturbance. Except in 
regard to this, all the vital chemical processes go 
on precisely in the same way in man and in the 
• lo^cJr animals. 

The efforts of philosophers, constantly renewed, 
to penetrate the relations of the soul to anisica 
life, have all along retarded the progress of pbyri- 
ology. In this attempt men left the province ef 
philosophical research for that of fancy; physi- 
ologists, carried away by imagination, were flu: 
from being acquainted with the laws of purely 
animal life. None of them had a clear conception 
of the process of development and nutrition, or oC 
the true cause of death. They professed to explaiif^ 
the most obscure psychological phenomena, and 
yet they were unable to say what fever is, and in 
what way quinine acts in curing it. 

For the purpose of investigating the laws of vital 
'^ motion in the animal body, only on^* condition^ 
t<iamely, the knowledge of the apparatus which 
serves for its production, was ascertained ; but the 
substance of the organs, the changes which food 
undergoes in the living body, its transformatioa 
into portions of organs, and its re-conversion into^ 
lifeless compounds, the share which the atmos* 
phere takes in the processes of vitality ; all these 
foundations for future conclusions were still want- 
ing. 

What has the soul,, what have consciousness and* 
intellect to do with the development of the human 
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foetus, or the foetus in a fowl's egg? not more, 
surely, than with the development of the seeds 
of a plant. Let us first endeavour to refer to 
their ultimate causes those phenomena of life 
which are not physiological ; and let us beware 
of drawing conclusions before we have a ground- 
ififprk. We know exactly the mechanism of the 
eye ; but neither anatomy nor chemistry will ever 
explain how the rays of light act on consciousness, 
so as to produce vision. Natural science has fixed 
limits which cannot be passed ; and it must always 
be borne in mind that, with all our discoveries, 
we shall never know what light, electricity, and 
magnetism are in their essence, because, even 
of those things which are material, the human in- 
tellect has only conceptions. We can ascertain, 
however, the laws which regulate their motion and 
rest, because these are manifested in phenomena. 
In like manner the laws of vitality, and of ail- 
that disturbs, promiOtes, or alters it, may certainly • 
be discovered, although we shall never learn what 
life is. Thus the discovery of the laws of gravita- 
tion and of the planetary motions led to an en- 
tirely new conception of the cause of these phe- 
nomena. This conception could not have been 
formed in all its clearness without a knowledge 
of phenomena out of which it waa evolved ; 
for, considered by itself, gravity, like light to 
one born blind, is^ a mere word, devoid of mean- 
ing- 

The modern science of physiology has left the 
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track of Aristotle. To the eternal advantage of 
science, and to the benefit of mankind, it no 
longer invents a hoiror va€iii, a quinta essentia^ in 
order to furnish credulous hearers with solutions 
and explanations of phenomena, whose true con- 
nection with others, whose ultimate cause is still 
unknown. 

If we assume that all the phenomena exhibited 
by the organism of plants and animals are to be 
ascribed to a peculiar cause, different in its mani- 
festations from all other causes which produce mo- 
tion or change of condition; if, therefore, we regard 
the vital force as an independent force, then, in the 
phenomena of organic life, as in all other pheno- 
mena ascribed to the action of forces, we have the 
statics, that is, the state of equilibrium determin- 
ed by a resistance, and the dynamics, of the vital 
force. 

All the parts of the animal body are produced 
from a peculiar fluid, circulating in its organism, by 
virtue of an influence residing in every cell, in every 
organ, or part of an organ. Physiology teaches that 
all parts of the body were originally blood ; or that 
at least they were brought to the growing organs by 
means of this fluid. 

The most ordinary experience further shows, 
that at each moment of life, in the animal organ- 
iism, a continued change of matter, more or less 
accelerated, is going on; that a part of the structure 
is transformed into unorganised matter, loses its 
condition of life, and must be again renewed. Phy- 
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siology has sufficiently decisive grounds for the 
opinion, that every motion, every manifestation of 
force, is the result of a transformation of the struc- 
ture or of its substance ; that every conception, 
every mental aflfection, is followed by changes in 
the chemical nature of the secreted fluids ; that 
every thought, every sensation, is accompanied by 
a change in the composition of the substance of 
the brain. 

In order to keep up the phenomena of life in 
animals, certain matters are required, parts of or- 
ganisms, which we call nourishment. In conse- 
quence of a series of alterations, they serve either 
for the increase of the mass {nutrition)^ or for the 
supply of the matter consumed {reproduction), or, 
finally, for the production of force. 

n. If the first condition of animal life be the 
assimilation of what is commonly called nourish- 
ment, the second is a continual absorption of oxy- 
gen from the atmosphere. 

Viewed as an object of scientific research, ani- 
mal life exhibits itself in a series of phenomena, 
the connection and recurrence of which are deter- 
mined by the changes which the food and the oxy- 
gen absorbed from the atmosphere undergo in the 
organism under the influence of the vital force. 

All vital activity arises from the mutual action 
of the oxygen of the atmosphere and the elements 
of the food. 
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In the processes of nutrition and reproduction, 
we perceive the passage of matter from the state of 
motion to that of rest (static equilibrium) ; under 
the influence of the nervous system, this matter 
enters again into a state of motion. The ultimate 
causes of these different conditions of the vital 
force are chemical forces. 

The cause of the state of rest is a resistance, 
determined by a force of attraction (combination), 
which acts between the smallest particles of matter, 
and is manifested only when these are in actual 
contact, or at infinitely small distances. 

To this peculiar kind of attraction we may of 
course apply different names; but the chemist calls 
it affinity. 

The cause of the state "of motion is to be found 
in a series of changes which the food undergoes 
in the organism, and these are the results of pro- 
cesses of decomposition, to which either the food 
itself, or the structures formed from it, or parts of 
organs, are subjected. 

The distinguishing character of vegetable life 
is a continued passage of matter from the state 
of motion to that of static equilibrium. While a 
plant lives, we cannot perceive any cessation in 
its growth ; no part of an organ in the plant di- 
minishes in size. If decomposition occur, it is the 
result of assimilation. A plant produces within 
itself no cause of motion ; no part of its structure, 
from any influence residing in its organism, losea 
its state of vitality, and is converted into unorgan- 
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ised, amorphous compounds; in a word, no waste 
occurs in vegetables. Waste, in the animal body, 
is a change in the state or in the composition of some 
of its parts, and consequently is the result of che- 
mical actions. 

The influence of poisons and of remedial agents 
on the living animal body evidently shows that 
the chemical decomoositions and combinations in 

A 

the body, which manifest themselves in the phe- 
nomena of vitality, may be increased in intensity 
by chemical forces of analogous character, and 
retarded or put an end to by those of opposite 
character; and that we are enabled to exercise 
an influence on every part of an organ by means 
of substances possessing a well-defined chemical 
action. 

As, in the closed galvanic circuit, in consequence 
of certain changes which an inorganic body, a me- 
tal, undergoes when placed in contact with an acid> 
a certain something becomes cognizable by our 
senses, which we call a current of electricity ; so, in 
the animal body, in consequence of transformations 
and changes undergone by matter previously consti- 
tuting a part of the organism, certain phenomena of 
motion and 'activity are perceived, and these we 
call life, or vitality. 

The electrical current manifests itself in certain 
phenomena of attraction and repulsion, which it 
excites in other bodies naturally motionless, and by 
the phenomena of the formation and decomposi- 
tion of chemical compounds, which occur every 
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where, when the resistance is not sufficient to arrest 
the current. 

It is from this point of view, and from no other, 
that chemistry ought to contemplate the phenomena 
of life. Wonders surround us on every side. The 
formation of a crystal, of an octahedron, is not less 
incomprehensible than the production of a leaf or 
of a muscular fibre; and the production of vermi- 
lion from mercury and sulphur is as much an 
enigma as the formation of an eye from the sub- 
stance of the blood. 

The first conditions of animal life are nutritious 
matters and oxygen, introduced into the system. 

At every moment of his life man is taking oxygen 
into his system, by means of the organs of respira- 
tion ; no pause is observable while life continues. 

The observations of physiologists have shown 
that the body of an adult man, supplied with suffi- 
cient food, has neither increased nor diminished in 
weight at the end of twenty-four hours ; yet the 
quantity of oxygen taken into the system during this 
period is very considerable. 

According to the experiments of 'Lavoisier, an 
adult man takes into his system, from the atmos- 
phere, in one year, 746 lbs., according to MenzieSt 
837 lbs., of oxygen ; yet we find his weight, at tha 
beginning and end of the year, either quite the 
same, or diiBfering, one way or the other, by at most 
a few pounds. (1)* 

What, it may be asked, has become of the enor- 

• The Numbers refer to the Appendix. 
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mous weight of oxygen thus introduced, in the 
course of a year into the human system ? 

This question may be answered satisfactorily ; no 
part of this oxygen remains in the system ; but itie 
given out again in the form of a compound of carboo 
or of hydrogen. 

The carbon and hydrogen of certain parts of the 
body have entered into combination with the oxy-» 
gen introduced through the lungs and through the 
skin, and have been given out in the forms of car- 
bonic acid gas and the vapoui^ of water. 

At every moment, with every expiration, certain 
quantities of its elements separate from the ani- 
mal organism, after having entered into combina- 
tion, within the body, with the oxygen of the atmos- 
phere. 

If we assume, with Lavoisier and S^guin, in 
order to obtain a foundation for our calculation, 
that an adult man receives into his system daily 
32^ oz. (46,037 cubic inches =z 15,661 grains, French 
weight) of oxygen, and that the weight of the 
whole mass of his blood, of which 80 per cent, is 
water, is 24 lbs. ; it then appears, from the known 
composition of the blood, that, in order to convert 
the whole of its carbon and hydrogen into carbonic 
acid and water, 64,108 grains of oxygen are re- 
quired. This quantity will be taken into the sys- 
tem of an adult in four days five hours. (2) 

Whether this oxygen enters into combination 
with the elements of the blood, or with other parts 
of the body containing carbon and hydrogen, in 

2 
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either case the conclusion is inevitable, that the 
body of a man, who daily takes into the system 
82^ oz. of oxygen, must receive daily in the shape 
of nourishment, as much carbon and hydrogen as 
would suffice to supply 24 lbs. of blood with these 
elements ; it being presupposed that the weight of 
the body remains unchanged, and that it retains its 
normal condition as to health. 

This supply is furnished in the food. 

I'rom the accurate determination of the quantity 
of carbon daily taken into the system in the food, 
as well as of that proportion of it which passes out 
of the body in the faeces and urine, unburned, 
that IS, in some form in which it is not combined 
with oxygen, it appears that an adult, taking 
moderate exercise, consumes 13*9 oz. of carbon 
daily. (3) 

These 13-i^ oz. of carbon escape through the skin 
and lungs as carbonic acid gas. 

For conversion into carbonic acid gas, 13Vo- oz. of 
carbon require 37 oz. of oxygen. 

According to the analyses of Boussingault (Ann* 
de Ch. et de Ph. LXXI. p. 136) a horse consumes 
in twenty-four hours 97^ oz. of carbon, a milch cow 
69^5- oz. The quantities of carbon here mentioned 
are those given off from the bodies of these ani- 
mals in the form of carbonic acid ; and it appears 
from them that the horse consumes, in converting 
carbon into carbonic acid, 13 lbs. 3J oz. in twenty- 
four hours, and the milch cow 11 lbs. lOf oz. of 
oxygen in the same time. (4) 
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Since no part of the oxygen taken into the sys- 
tem is again given off in any other form but that 
of a compound of carbon or hydrogen ; since fur- 
ther, the carbon and hydrogen given off are re- 
placed by carbon and hydrogen supplied in the 
food, it is clear that the amount of nourishment 
required by the animal body must be in a direct 
ratio to the quantity of oxygen taken into the 
system. 

Two animals, which in equal times take 
up by means of the lungs and skin unequal 
quantities' of oxygen, consume quantities of the 
same nourishment which are unequal in the same 
ratio. 

The consumption of oxygen in equal times may 
be expressed by the number of respirations ; it is 
clear that, in the same individual, the quantity of 
nourishment required must vary with the force and 
number of the respirations. 

A child, in whom the organs of respiration are 
naturally very active, requires food oftener than an 
adult, and bears hunger less easily. A bird, deprived 
of food, dies on the third day, while a serpent, with 
its sluggish respiration, can live without food three 
months and longer. 

The number of respirations is smaller in a state 
of rest than during exercise or work. The quan- 
tity of food necessary in both conditions must vary 
in the same ratio. 

An excess of food is incompatible with defi- 
ciency in respired oxygen, that is, with deficient ex- 
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ercise ; just as violent exercise, which implies an 
increased supply of food, is incompatible with 
weak digestive organs. In either case the health 
stifiers. 

^ut the quantity of oxygen inspired is also a& 
fected by the temperature and density of the atmos- 
phere. 

The capacity of the chest in an animal is a con- 
stant quantity. At every respiration a quantity of 
air enters, the volume of which may be considered 
as uniform ; but its weight, and consequently that 
of the oxygen it contains, is not constant. Air is 
expanded by heat, and contracted by cold, and there- 
fore equal volumes of hot and cold air contain un- 
equal weights of oxygen. In summer, moreover, 
atmospherical air contains aqueous vapour, while in 
winter it is dry ; the space occupied by vapour in 
the warm air is filled up by air itself in winter ; that 
is, it contains, for the same volume, more oxygen in 
winter than in summer. 

In summer and in winter, at the pole and at the 
equator, we respire an equal volume of air ; the cold 
air is warmed during respiration, and acquires the 
temperature of the body. To introduce into the 
lungs a given volume of oxygen, less expenditure of 
force is necessary in winter than in summer ; and 
for the same expenditure of force, more oxygen is 
inspired in winter. 

It is obvious, that in an equal number of respira- 
tions we consume more oxygen at the level of the 
sea than on a mountain. The quantity both of 
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oxygen inspired and of carbonic acid expired, 
must therefore vary with the height of the baro- 
meter. 

The oxygen taken into the system is given out 
again in the same forms, whether in summer or 
in winter ; hence we expire more carbon in cold 
weather, and when the barometer is high, than we 
do in warm weather ; and we must consume more 
or less carbon in our food in the same proportion ; 
in Sweden more than in Sicily ; and in our more 
temperate climate a full eighth more in winter 
than in summer. 

Even when we consume equal weights of food in 
cold and warm countries, infinite wisdom has so 
arranged, that the articles of food in different cli- 
mates are most unequal in the proportion of carbon^ 
they contain. The fruits on which the natives of 
the south prefer to feed do not in the fresh state 
contain more than 12 per cent, of carbon, while the- 
bacon and train oil used by the inhabitants of the 
arctic regions contain from 66 to 80 per cent, of 
carbon. 

It is no difficult matter, in warm climates, to 
study moderation in eating, and men can bear hunr 
ger for a long time under the equator ; but cold 
and hunger united very soon exhaust the body. 

The mutual action between the elements of the 
ft)od and the oxygen conveyed by the circulatioa 
o{ the blood to every part of the body is the source 

OP ANIMAL HEAT. • 
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IIL All living creatures, whose existence depends 
on the absorption of oxygen, possess within thene 
selves a source of beat independent«of surrounding 
objects. 

This truth applies to all animals, and extendSf 
besides, to the germination of seeds, to the flower- 
ing of plants, and to the maturation of fruits* 

It is only in those parts of the body to wbick 
arterial blood, and with it the oxygen absorbed in 
respiration, is conveyed, that heat is produced. 
Hair, wool, or feathers, do not possess an elevated 
temperature. 

This high temperature of the animal body, or, 
as it may be called, disengagement of heat, is uni- 
formly and under all circumstances the result of 
the combination of a combustible substance with 
oxygen. 

In whatever way carbon may combine with 
oxygen, the act of combination cannot take place 
without the disengagement of heat. It is a matter 
of indiflerence whether the combination take place 
rapidly or slowly, at a high or at a low tempera- 
ture ;^e amount of heat liberated is a constant 
quantity. 

The carbon of the food, which is converted into 
carbonic acid within the body, must give out ex>- 
actly as much heat as if it had been directly burnt 
in the air or in oxygen gas ; the only diflference is, 
that the amount of heat produced is diffused over 
unequal times. • In oxygen, the combustion is more 
rapid, and the heat more intense; in air it is slower, 
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the temperature is not so bigh, but it continues 
longer. 

It is obvious that the amount of beat liberated 
tnust increase or diminish wiih the quantity of 
oxygen introduced in equal times by respiration. 
Those animals which respire frequently, and conse- 
quently consume much oxygen, possess a higher 
temperature than others, which, with a body of 
equal size to be heated, take into the system less 
oxygen. The temperature of a child (102'^) is 
higher than that of an adult (99'SO). That of 
birds (104° to 105-4C) is higher than that of quad- 
rupeds (gS'So to 100'4o) or than that of fishes or 
amphibia, whose proper temperature is from 2-7o to 
3"6o higher than that of the medium in which they 
live. All animals, strictly speaking, are warm- 
blooded; but in those only which possess lungs is 
the temperature of the body quite independent of 
the surrounding medium. (5) 

The most trustworthy observations prove that 
in all climates, in the temperate zones as well as 
■ at the equator or the poles, the temperature of 
the body in man, and in what are commonly called 
warm-blooded animals, is invariably the same ; yet 
how different are the circumstances under which 
they live '. 

The animal body is a heated mass, which bears 
the same relation to surrounding oljjects as any 
other heated mass. It receives heat when the sur- 
rounding objects are hotter, it loses beat when they 
aie colder than itself. 
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We know that the rapidity of cooling increases 
with the dijfference between the temperature of the 
heated body and thai of the surrounding medium; 
that is, the colder the surrounding medium the 
shorter the time required for the cooling of the heat- 
ed body. 

How unequal, then, must be the loss of heat in ar 
man at Palermo, where the external temperature 
is nearly equal to that of the body, and in the polar 
regions, where the external temperature is from 70^ 
to 90O lower. 

Yet, notwithstanding this extremely unequal loss 
of heat, experience has shown that the blood of the 
inhabitant of the arctic circle has a temperature as 
high as that of the native of the souths who lives ia 
so difierent a medium. 

This fact, when its true significance is perceived, 
proves that the heat given off to the surrounding 
medium is restored within the body with great 
rapidity. This compensation takes place more ra- 
pidly in winter than in summer, at the pole than at 
the equator. 

Now, in diflferent climates the quantity of oxygen 
introduced into the system of respiration, as has 
been already shown, varies according to the tem- 
perature of the external air ; the quantity of inspir- 
ed oxygen increases with the loss of heat by exter- 
nal cooling, and the quantity of carbon or hydrogen^ 
necessary to combine with this oxygen must be in- 
creased in the same ratio. 

It is evident that the supply of the heat lost 



OF THE ANIMAIi BODY. 21 

by cooliug is effected by the mutual action of 
the elements of the food and the inspired oxygen, 
which combine together. To make use of a fami- 
liar, but not on that account a less just illus- 
tration, the animal body acts, in this respect, as 
a furnace, which we supply with fuel. It sig- 
nifies nothing what intermediate forms food may 
assume, .what changes it may undergo in the 
body, the last change is uniformly the conver- 
sion of its carbon into carbonic acid, and of its 
hydrogen into water; the unassimilated nitrogen 
of the food, along with the unburned or unoxi- 
dised carbon, is expelled in the urine or in the 
solid excrements. In order to keep up in the 
furnace a constant temperature, we must vary 
the supply of fuel according to the external 
temperature, that is, according to the supply of 
oxygen. 

In the animal body the food is the fuel ; with a 
proper supply of oxygen we obtain the heat given 
out during its oxidation or combustion. In winter, 
when we take exercise in a cold atmosphere, and 
when consequently the amount of inspired oxygen 
increases, the necessity for food containing carbon 
and hydrogen increases in the same ratio; and by 
gratifying the appetite thus excited, we obtain the 
most efficient protection against the most piercing 
cold. A starving man is soon frozen to death ; 
and every one knows that the animals of prey in 
the arctic regions far exceed in voracity those of the 
torrid zone. 
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In cold and temperate climates, the air, which 
incessantly strives to consume the body, urges 
man to laborious eflForts in order to furnish the 
means of resistance to its action, while, in hot cli- 
mates, the necessity of labour to provide food is 
far less urgent. 

Our clothing is merely an equivalent for a certain 
amount of food. The more warmly we are clothed 
the less urgent becomes the appetite for food, be- 
cause the loss of heat by cooling, and consequendy 
the amount of heat to be supplied by the food, is 
diminished. 

If we were to go naked, like certain savage 
tribes, or if in hunting or fishing we were exposed 
to the same degree of cold as the Samoyedes, we 
should be able with. ease to consume 10 lbs. of flesh, 
and perhaps a dozen of tallow candles into the bar- 
gain, daily, as warmly clad travellers have related 
with astonishment of these people. We should then 
also be able to take the same quantity of brandy or 
train oil without bad effects, because the carbon and 
hydrogen of these substances would only suffice to 
keep up the equilibrium between the external tem- 
perature and that of our bodies. 

According to the preceding expositions, the quan- 
tity of food is regulated by the number of respira- 
tions, by the temperature of the air, and by the 
amount of heat given off* to the surrounding me- 
dium. 

No isolated fact, apparently opposed to this state- 
ment, can affect the truth of this natural law— 
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Without temporary or permanent injury to Itealtb, 
the Neapolitan cannot take more carbon and bydro- 
gen in the shape of food than he expires as carbonic 
acid and water ; and the Esquimaux cannot expire 
more carbon and hydrogen than be takes into the 
system as food, unless in a state of disease or of 
starvation. Let us examine these states a little 
more closely. 

The Englishman in Jamaica sees with regret the 
disappearance of his appetite, previously a source 
of frequently recurring enjoyment; and he suc- 
ceeds by the use of cayenne pepper and the most 
powerful stimulants, in enabling himself to take as 
much food as he was accustomed to eat at home. 
But the whole of the carbon thus introduced into the 
system is not consumed ; the temperature of the 
air is too high, and the oppressive heat does not 
allow him to increase the number of respirations 
by active exercise, and thus to proportion the waste 
to the amount of food talcen; disease of some kind, 
therefore, ensues. 

On the other hand, England sends her sick, whose 
diseased digestive organs have in a greater or leas 
degree lost the power of bringing the food into that 
state in which it is best adapted for oxidation, 
and therefore furnish less resistance to the oxidis- 
ing agency of the atmosphere than is required in 
their native climate, to southern regions, where the 
amount of inspired oxygen is diminished in so great 
a proportion ; and the result, an improvement in the 
health) is obvious. The diseased organs of digestion 
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have suflScient power to place the diminished atnoant 
of food in equilibrium with the inspired oxygen ; in 
the colder climate, the organs of respiration thenh 
selves would have been consumed in furnishing the 
necessary resistance to the action of the atmospheric 
oxygen. 

In our climate, hepatic diseases, or those arising 
from excess of carbon, prevail in summer ; in wia- 
ter, pulmonic diseases, or those arising from excess 
of oxygen, are more frequent. 

The cooling of the body, by whatever cause it 
may be produced, increases the amount of food 
necessary. The mere exposure to the open air, in 
a carriage or on the deck of a ship, by increasing 
radiation and vaporization, increases the loss of 
beat, and compels us to eat more than usual. The 
same is true of those who are accustomed to driok 
large quantities of cold water, which is given off 
at the temperature of the body, 98'5o. It in- 
creases the appetite, and persons of weak constir 
tution find it necessary, by continued exercise, 
to supply to the system the oxygen required to 
restore the heat abstracted by the cold waten 
Loud and long continued speaking, the crying of 
infants, moist. air, all exert a decided and appre- 
ciable influence on the amount of food which is 
taken. 

IV. In the foregoing pages, it has been assumed 
that it is especially carbon and hydrogen which, by 
combining with oxygen, serve to produce animsd 
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heat. In fact, observation proves tbat the hydrogen 
of the food plays a not less important part than the 
carbon. 

The whole process of respiration appears most 
clearly developed, when we consider the state of a 
man, or other animal, totally deprived of food. 

The first effect of starvation is the disappearance 
of fat, and this fat cannot be traced either in the 
urine or in the scanty fa;ces. Its carbon and hydro- 
gen have been given off through the skin and lungs 
in the form of oxidised products ; it is obvious that 
they have served to support respiration. 

In the case of a starving man, 32J oz. of oj^gen 
enter the system daily, and are' given out again in 

inibination with a part of his body. Currie men- 
tions the case of an individual who was unable to 
Bwallow, and whose body lost 100 lbs. in weight 
during a month; and, according to Martell (Trans. 
Linn. Soc., vol. xi. p. ill), a fat pig, overwhelmed 
in a slip of earth, hved 160 days without food, and 
was found to have diminished in weight, in that 
time, more than 120 lbs. The whole history of 
hybernating animals, and the well-established facts 
of the periodical accumulation, in various ani- 
mals, of fat, which, at other periods, entirely 
disappears, prove thai the oxygen, in the res- 
piratory process, consumes, without exception, all 
such substances as are capable of entering into 
combination with it. It combines with what- 
ever is presented to it ; and the deficiency of 
hydrogen is the only reason why carbonic acid 
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is the chief product; for, at the temperature 
of the body, the affinity of hydrogen for oxy- 
gen far surpasses that of carbon for the same 
element. 

We know, in fact, that the graminivora expire a 
volume of carbonic acid equal to that of the oxy- 
gen inspired, while the carnivora, the only class 
of animals whose food contains fat, inspire more 
oxygen than is equal in volume to the carbonic 
acid expired. Exact experiments have shown, 
that in many cases only half the volume of oxy- 
gen is expired in the form of carbonic acid. These 
observations cannot be gainsaid, and are far more 
convincing than those arbitrary and artificially 
produced phenomena, sometimes called experi- 
ments; experiments which, made as too often they 
are, without regard to the necessary and natural 
conditions, possess no value, and may be entirely 
dispensed with ; especially when, as in the present 
case, nature affords the opportunity for observation, 
and when we make a rational use of that oppor- 
tunity. 

In the progress of starvation, however, it is not 
only the fat which disappears, but also, by degrees, 
all such of the solids as are capable of being dis* 
solved. In the wasted bodies of those who have 
suffered starvation, the muscles are shrunk and 
unnaturally soft, and have lost their contractility; 
all those parts of the body which were capable of 
entering into the state of motion, have serVed to 
protect the remainder of the frame from the 
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destructive influence of the atmosphere. Towards 
the end, the particles of the brain begin to undergo 
the process of oxidation, and delirium, mania, and 
death close the scene ; that is to say, all resistance 
to the oxidising power of the atmospheric oxygen 
ceases, and the chemical process of eremacausis, or 
decay, commences, in which every part of the body, 
the bones excepted, enters into combination with 
oxygen. 

The time which is required to cause death by 
starvation depends on the amount of fat in the 
body, on the degree of exercise, as in labour or 
exertion of any kind, on the temperature of the 
air, and finally, on the presence or absence of 
water. Through the skin and lungs there escapes 
a certain quantity of water, and as the presence of 
water is essential to the continuance of the vital 
motions, its dissipation hastens death. Cases have 
occurred, in which a full supply of water being 
accessible to the sufferer, death has not occurred, 
till after the lapse of twenty days. In one case, 
life was sustained in this way for the period of sixty 
days- 

In all chronic diseases death is produced by the 
same cause, namely, the chemical action of the atmos- 
phere. W hen those substances are wanting, whose 
function in the organism is to support the process 
of respiration ; when the diseased organs are inca- 
pable of performing their proper function of produ- 
cing these substances ; when they have lost the power 
of transforming the food into that shape in which it 
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may, by entering rato combination with the oxygen 
of l^e air, protect the system from its influence, then, 
the substance of the organs themselves, the £Bit ef 
the body, the substance of the muscles, the nerves, 
and the brain, are unavoidably consumed.* 

The true cause of death in these cases is the 
respiratory process, that is, the action, of the at- 
mosphere* 

A deficiency of food, and the want of power to con- 
vert the food into a part of the organism, are both, 
equally a want of resistance ; and this is the negar 
tive cause of the cessation of the vital process. The 
flame is extii^uished, because the oil is consumed; 
and it is the oxygen of the air which has consumed it. 

In many diseases substances are produced which 
are incapable of assimilation. By the mere depriva- 
tion of food, these substances are removed from the 
body without leaving a trace behind ; their elements 
have entered into combination with the oxygen of 
the air. 

From the first moment that the function of the 
lungs or of the skin is interrupted or disturbed, 
compounds, rich in carbon, appear in the urinOi 
which acquires a brown colour. Over the whole 
surface of the body oxygen is absorbed, and combines 
with all the substances which offer no resistance to 
it. In those parts of the body where the access of 

m 

* For an account of what really takes place in this procaM, I 
refer to the considerations on the means hy which the change of 
matter is effeeted in the body of the carnivora, which will be fotiiid 
further on. 
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oxygen is impeded ; for example, in the arm-pits* 
or in the soles of the feet, peculiar compounds are 
given out, recognisable by their appearance, or 
by their odour. These compounds contain much 
carbon. 

Respiration is the falling weight, the bent spring, 
which keeps the clock in motion ; the inspirations 
and expirations are the strokes of the pendulum 
which regulate it. In our ordinary time-pieces, we 
know with mathematical accuracy the effect pro- 
duced on their rate of going, by changes in the 
length of the pendulum, or in the external tempe- 
rature. Few, however, have a clear conception of 
the influence of air and temperature on the health 
of the human body ; and yet the research into the 
conditions necessary to keep it in the normal state, 
is not more difficult than in the case of a clock. 

V. The want of a just conception of force and 
effect, and of the connection of natural phenomena, 
has led chemists to attribute a part of the heat gene- 
rated in the animal body to the action of the ner- 
vous system. If this view exclude chemical action, 
or changes in the arrangement of the elementary 
particles, as a condition of nervous agency, it means 
nothing else than to derive the presence of motion, 
the manifestation of a force, from nothing. But no 
force, no power can come of nothing. 

No one will seriously deny the share which the 
nervous apparatus has in the respiratory process ; 
for no change of condition can occur in th^ V>o&^ 

3» 



30 KBKVES AXD MUSCLSa 

witboat the nerves ; they are essendal to all vital 
motioDS. Under their inflaence, the viscera ipto^ 
duce those compounds, which, while they protect 
the organism from the action of the oa^gen of 
the atmosphere, give rise to dnimal heat; and 
when the nerves cease to perform their fanctioDS, 
the whole process of the action of oxygen must 
assume another form. When the pons Yaxolii is 
cut through in the dog, or when a stunning blow 
is inflicted on the back of the head, the animal con- 
tinues to respire for some time, often more rapidly 
than in the normal state; the frequency of the 
pulse at first rather increases than diminishes, yet 
the animal cools as rapidly as if sudden death 
bad occurred. Exactly similar observations have 
been made on the cutting of the spinal cord, and 
of the par vagum. The respiratory motions con- 
tinue for a time, but the oxygen does not meet with 
those substances with which, in the normal state, 
it would have combined ; because the paralyzed 
viscera will no longer furnish them. The singular 
idea that the nerves produce animal heat, has 
obviously arisen from the notion that the inspired 
oxygen combines with carbon, in the blood itself; 
in which case the temperature of the body, in 
the above experiments, certainly, ought not to 
have sunk. But, as we shall afterwards see* 
there cannot be a more erroneous conception than 
this. 

As by the division of the pneumogastric nerves 
the motion of the stomach and the secretion of the 
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gastxic juice are arrested, and an immediate check 
is thus given to the process of digestion, so the pa- 
ralysis of the organs of vital motion in the abdomi- 
nal viscera afiects the process of respiration^— 
These processes are most intimately connected; 
and every disturbance of the nervous system or of 
the nerves of digestion re-acts visibly on the process 
of respiration. 

The observation has been made, that heat is pro- 
duced by the contraction of the muscles, just as in a 
piece of caoutchouc, which, when rapidly drawn 
out, forcibly contracts again, with disengagement of 
heat. Some have gone so far as to ascribe a part of 
the animal heat to the mechanical motions of the 
body, as if these motions could exist without an ex- 
penditure of force consumed in producing them ; 
how then, we may ask, is this force produced? 

By the combustion of carbon, by the solution of 
a metal in an acid, by the combination of the two 
electricities, positive and negative, by the absorption 
of light, and even by the rubbing of two solid bodies 
together with a certain degree of rapidity, heat may 
be produced. 

By a number of causes, in appearance entirdhjr 
distinct, we can thus produce one and the same ef- 
fects In combustion and in the production of gal- 
vanic electricity, we have a change of condition in 
material particles ; when heat is produced by the 
absorption of light or by friction, we have the con- 
version of one kind of motion into another, which 
affects our senses diflferently. In all such cases we 
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have a something given, which merely takes another 
form ; in all we have a force and its efiect. By 
means of the fire which heats the boiler of a steam- 
engine we can produce every kind of motion, and 
by a certain amount of motion we can produce 
fire. 

When we rub a piece of sugar briskly on an 
iron grater, it undergoes, at the surfaces of contact, 
the same change as if exposed to heat ; and two 
pieces of ice, when rubbed together, melt at the 
point of contact. 

Let us remember that the most distinguished 
authorities in physics consider the phenomena of 
heat as phenomena of motion, because the very 
conception of the creation of matter, even though 
imponderable, is absolutely irreconcilable with its 
production by mechanical causes, such as friction or 
motion. 

But, admitting all the influence which electric 
or magnetic disturbances in the animal body can 
have on the functions of its organs, still the ultimate 
cause of all these forces is a change of condition in 
material particles, which may be expressed by the 
conversion, within a certain time, of the elements 
of the food into oxidised products. Such of these 
elements as do not undergo this process of slow com- 
bustion, are given off unburned or incombustible in 
the excrements. 

Now, it is absolutely impossible that a given 
amount of carbon or hydrogen, whatever dif- 
ferent forms they may assume in the progress 
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of the combustion, can produce more heat than 
if directly burned into atmospheric air or in oxy- 
gen gas. 

When we kindle a fire under a steam-engine, and 
employ the power obtained to produce heat by 
friction, it is impossible that the heat thus obtained 
can ever be greater than that which was required 
to heat the boiler ; and if we use the galvanic cur- 
rent to produce heat, the amount of heat obtained 
is never in any circumstances, greater than we 
might have by the combustion of the zinc which 
has been dissolved in the acid. 

The contraction of muscles produces heat ; but 
the force necessary for the contraction has manifes- 
ted itself through the organs of motion, in which 
it has been excited by chemical changes. The ul- 
timate cause of the heat produced is therefore to be 
found in these chemical changes. 

By dissolving a metal in an acid, we produce an 
electrical current ; this current, if passed through a 
wire, converts the wire into a magnet, by means of 
which, many diflferent effects may be produced. — 
The cause of this phenomena is magnetism ; the 
cause of the magnetic phenomena is to be found in 
the electrical current ; and the ultimate cause of 
the electrical current is found to be a chemical 
change, a chemical action. 

There are various causes by which force or mo- 
tion may be produced. A bent spring, a current 
of air, the fall of water, fire applied to a boiler, 
the solution of a metal in an acidi — all these dififer- 
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ent causes of motion may be made to pro- 
duce the same effect. But in the animal body 
we recognize as the ultimate cause of all force 
only one cause, the chemical action which the 
elements of the food and the oxygen of the 
air mutually exercises on each other. The only 
known ultimate cause of vital force, either in 
animals or in plants, is a chemical process. If 
this be prevented, the phenomena of life do not 
manifest themselves, or they cease to be recog- 
nizable by our senses. If the chemical action be 
impeded, the vital phenomena must take new 
forms. 

According to the experiments of Despretz, 1 oz. 
of carbon evolves, during its combustion, as much 
heat as would raise the temperature of 105 oz. of 
water at 32^ to 167o, that is, by 135 degrees; in 
all, therefore, 105 times 135o=14207 degrees of 
heat. Consequently, the 13*9 oz. of carbon which 
are daily converted into carbonic acid in the body 
of an adult, evolve 13-9xl4207o=197477-3 degrees 
of heat. This amount of heat is suflBicient to raise 
the temperature of 1 oz. of water by that number of 
degrees, or from 32^ to 197509'3O; or to cause 
136'8 lbs. of water at 32° to boil ; or to heat 370 lbs. 
of water to 98'3o (the temperature of the human 
body) ; or to convert into vapour 24 lbs. of water 
at 98-30, 

If we now assume that the quantity of water 
vaporized through the skin and lungs in 24 hours 
amounts to 48 oz. (3 lbs.), then there will remain* 
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after deducting the necessaiy amount of heat, 
146380'4 degrees of heat, which are dissipated by 
radiation, by healing the expired air, and in the 
excrementitious matters. 

In this calculation, no account has been taken of 
the heat evolved by the hydrogen of the food, dur- 
ing its conversion into water by oxidation within 
the body. But if we consider that the specific heat 
of the bones, of fat, and of the organs generally, is 
far less than that of water, and that consequently 
they require, in order to be heated to 98'3o, much 
less heat than an equal weight of water, no doubt 
can be entertained, that when all the concomitant 
circumstances are included in the calculation, the 
heat evolved in the process of combustion, to 
which the^ood is subjected in the body, is amply 
suflBcient to explain the constant temperature of 
the body, as well as the evaporation from the skin 
and lungs. 

VI. All experiments hitherto made on the quan- 
tity of oxygen which an animal consumes in a given 
time, and also the conclusions deduced from them 
as to the origin of animal heat, are destitute of 
practical value in regard to this question, since we 
have seen that the quantity of oxygen consumed 
varies according to the temperature and density of 
the air, according to the degree of motion, labor, 
or exercise, to the amount and quality of the food, 
to the comparative warmth of the clothing, and also 
according to the time within which the food is taken 
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Prisoners in the Bridewell atMarienschloss (a prison 
where labor is enforced), do not consame more than 
10*5 oz. of carbon daily; those in the House of Ar- 
rest at Giessen, who are deprived of all exercise, 
consume only 8'5 oz. ; (6) and in a family well known 
to me, consisting of nine individuals, five adalts, and 
four children of different ages, the average daily 
consumption of carbon for each, is not more than 
9'5 oz. of carbon.* We may safely assume, as an 
approximation, that the quantities of oxygen con- 
sumed in these different cases are in the ratio of 
these numbers ; but where the food contains meat, 
fat, and wine, the proportions are altered by reason 
of the hydrogen in these kinds of food which is 
oxidised, and which, in being converted into water, 
evolves much more heat for equal weights. 

The attempts to ascertain the amount of heat 
evolved in an animal for a given consumption of 
oxygen have been equally unsatisfactory. Animals 
have been allowed to respire in close chambers sur- 
rounded with cold water ; the increase of tempera- 
ture in the water has been measured by the ther- 
mometer, and the quantity of oxygen consumed has 
been calculated from the analysis of the air before 

* In this family, the monthly consumption was 151 lbs. of brown 
bread, 70 lbs. white bread, 132 lbs. meat, 19 lbs. sugar, 15*9 lbs. butteff 
57 maass (about 24 gallons) of milk ; the carbon of the potatoes and 
other vegetables, of the poultry, game, and wine consumed, having be«i 
reckoned as equal to that contained in the excrementitious matters, the 
carbon of the above articles was considered as being converted into 
carbonic acid. 
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and after the experiment. In experimeotA thai 
conducted, it has been found that the animal loit 
about ^\ more heat than corresponded to the oxygen 
consumed ; and bad the windpipe of (he animal 
been tied, the strange result would have been ob- 
tained of a rise in the temperature of the water 
without any consumption of oxygen. The animal 
was at the temperature of 98° or 99^, and the 
water, in the experiments of Despretz, was at 47'6o. 
Such experiments cimsequenlly prove, lliat when 
a great difference exists between the temperature 
of the animal body and that of the surroun ling 
medium, and when no motion is allowed, more 
heat is given off than corresponds to the oxygen 
consumed. In equal times, with free and unim- 
peded motion, a much larger quantity of oxygen 
would he consumed without a perceptible increase 
in the amount of heut lost. The cause of these 
phenomena is obvious. They appear naturally 
both in man and animals at certain seasons of the 
year, and we say in such cases that we are 
freezing, or experience the sensation of cold. It 
is plain, that if we were to clothe a man in a 
metallic dress, and lie up his hands and feet, the 
loss of heat, for the some consumption of oxygen, 
would he iiar greater than if we were to wrap him 
up in fur and woollen cloth. Nay, in the latter 
case, we should see him begin to perspire, and 
warm water would exude, in drops, through the 
finest pores of his skin. 
If lo these considerations we add, that decisive 
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. iKipiBriments are on record, in which animals were 
Inade to respire in an unnatural position, as for 
example, lying on the back, with the limbs tied so 
feu3 to preclude motion, and that the temperature of 
their bodies was found to sink in a degree appreci- 
able by the thermometer, we can hardly be at a 
loss what value we ought to attach to the conclu- 
sions drawn from such experiments as those above 
described. 

These experiments and the conclusions deduced 
from them, in short, are incapable of furnishing the 
smallest support to the opinion that there exists, in 
the animal body, any other unknown source of 
heat, besides the mutual chemical action between 
the elements of the food and the oxygen of the air. 
The existence of the latter cannot be doubted or 
denied, and it is amply sufficient to explain all the 
phenomena. 

VII. If we designate the production of force, the 
phenomena of motion in the animal body as netijous 
life, and the resistance, the condition of static equi- 
librium, as vegfe/a^ive life; it is obvious that in all 
classes of animals the latter, namely, vegetative life, 
prevails over the former, nervous life, in the earlier 
stages of existence. 

The passage or change of matter from a state of 

. motion to a state of rest appears in an increase of 

the mass, and in the supply of waste ; while the 

motion itself, or the production of force, appears in 

the shape of waste of matter. 
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In a young animal, the waste is less than the 
increase ; and the female retains, up to a certain 
age, this peculiar condition of a more intense vege- 
tative life. This condition does not cease in the 
female as in the male, with the complete develop- 
ment of all the organs of the body. 

The female in the lower animals, is, at certain 
seasons, capable of reproduction of the speciesii 
The vegetative life in her organism is rendered 
more intense by certain external conditions, such 
as temperature, food, &c. ; the organism produces 
more than is wasted, and the result is the capaciQr 
of reprodu/3tion. 

In the human species, the female organism is 
independent of those external causes which increase 
the intensity of vegetative life. When the organ- 
ism is fully developed, it is at all times capable of 
reproduction of the species ; and infinite wisdom 
has given to the female body the power, up to a cer- 
tain age, of producing all parts of its organisation in 
greater quantity thain is required to supply the dai\ff 
waste. 

This excess of production can be shown to contain 
all the elements of a new organism, it is constantly 
accumulating, and is periodically expelled from the 
body, until it is expended in reproduction. This 
periodical discharge ceases when the ovum has been 
impregnated, and from this time every drop of the 
superabundant blood goes to produce an organism 
like that of the mother. 

Exercise and labor cause a diminution in the 
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quanlily of the mensirual discharge ; and when it is 
suppressed in consequence of disease, the vegeta- 
tive life is manilesled in a morbid production of fau 
When the equilibrium between ihe vegeialive 
and nervous life is disturbed in the male, wheo, 
as in eunuuhs, tbe intensity of the latter ia 
diminished, the predominance of the former is 
shown in the same form, in an increased deposit 
of fat. 

Vnr. If we hold, that increase of mass in the 
snimal body, the development of its organs, and 
the supply of waste, — that all this is dependant on 
the blood, that is, on Ihe ingredients of the blood, 
then only those substnucea can properly be called 
nulritious, or considered as food which are capable 
of conversion into blood. To determine, therefore, 
what substances are capable of affording nourish- 
ment, it is only necessary to ascertain the composi- 
tion of the food, and to compare it with that of tbe 
ingredients of the blood. 

Two substances require especial consideration a> 
the chief ingredients of the blood ; one of these 
separates immediately from tbe blood when with> 
drawn from the circulation. It is well known that 
in this case blood coagulates, and separates into a 
yellowish liquid, the semm of the blood, and a gela- 
tinous mass, which adheres to a rod or stick in soft, 
elastic fibres, when coagulating blood is briskly 
stirred. This is the/fowie of the blood, which is 
ideniieal in all its properties with muscular fibrfl 
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when the latter is puri&ed from all foreign mat- 
ters. 

The second principal ingredient of the blood is 
contained in the serum, and gives to this liquid all 
the properties of the white of eggs, with which it is 
identical. When heated, it coagulates into a white 
elastic mass, and the coagulating substance is called 
albumen. 

Fibrine and albumen, the chief ingredients of 
blood, contain, in all, seven chemical elements, 
among which nitrogen, phosphrus, and sulphur 
. are found. TChey contain also the earth of bones* 
The serum retains in solution sea salt and other 
salts of potash and soda, in which the acids are 
carbonic, phosphoric, and sulphuric acids. The 
globules of the blood contain fibrine and albumen, 
along with a red coloring matter, in which iron is 
a constant element. Beside these, the blood ron- 
tains certain fatty bodies in small quantity, 
which differ from ordinary fats in several of their 
properties. 

Chemical analysis has led to the remarkable re- 
sult, that fibrine and albumen contain the same 
organic elements united in the same proportion, so 
that two analyses, the one of fibrine and the other 
of albumen, do not differ more than two analyses of 
fibrine or two of albumen respectively do, in the 
composition of 100 parts. 

In these two ingredients of blood the particles 
are arranged in a different order, as is shown by the 

difference of their external properties ;. but in che- 

4» 
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composition, in the ultimate proportion of the 
organic elements, they are identical. 

This conclusion has lately been beautifully 
confirmed by a distinguished physiologist (D^nis), 
who has succeeded in converting fibrine into 
albumen, that is, in giving it the solubility, and 
eoegulability by heat^ which characterize the white 
of egg. 

Fibrine and albumen, besides having the same 
composition, agree also in this, that both dissolve id 
concentrated muriatic acid, yielding a solution of an 
intense purple colour. This solution, ^vhether made 
with fibrine or albumen, has the very same re-ac- 
tions with all substances yet tried. 

Both albumen and fibrine, in the process of nutri- 
tiony are capable of being converted into muscular 
fibre, and muscular fibre is capable of being recon- 
Terted into blood. These facts have long been esta- 
blished by physiologists, and chemistry has merely 
proved that these metamorphoses can be accom- 
plished under the influence of a certain force, with- 
out the aid of a third substance, or of its elements, 
and without the addition of any foreign element, or 
the separation of any element previously present in 
tliese substances. ^ 

If we now compare the composition of all organ- 
ised parts with that of fibrine and albumen, the folr 
lowing relations [)resenl themselves : — 

All parts of the animal body which have a decided . 
shape, which form parts of organs, contain nitrogen. 
No part of an organ which possesses motion and life 
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is destitute of nitrogen ; all of tbem contain like- 
wise carbon and the elements of water, the lattert 
however, in no case in the proportion to fonn 
water. 

The chief ingredients of the blood contain 
nearly 17 per cent, of nitrogen, and no part of an 
organ contains less than 17 per cent, of nitro* 
gen. (7) 

The most convincing experiments and observa-* 
tions have proved that the animal body is absolute* 
ly incapable of producing an elementary body, such 
as carbon or nitrogen, out of substances which do 
not contain it i and it obviously follows, that all 
kinds of food fit for the production either of blood, 
or of cellular tissue, membranes, skin, hair, muscu- 
lar fibre, &c., must contain a certain amount of 
nitrogen, because that element is essential to the 
composition of the above named organs ; because 
the organs cannot create it from the other elements 
presented to them ; and, finally, because no nitro« 
gen is absorbed from the atmosphere in the vital' 
process. 

The substance of the brain and nerves contains a 
large quantity of albumen, and, in addition to this, 
two ^culiar fatty acids, distinguished from other 
fats by containing phosphorus (phosphoric acid ?). 
One of these contains nitrogen (Fremy). 

Finally, water and common fat are those ingre- 
dients of the body which are destitute of nitrogen. 
Both are amorphous or unorganised, and only so far 
taW part in the vital process as that their presence 
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is required for the due performance of the vital 
functions. The inorganic constituents of the body 
are, iron, lime, , magnesia, common salt, and the 
alkalies. 

IX. The nutritive process in the carnivora is seen 
in its simplest form. This class of animals lives on 
the blood and flesh of the graminivora ; but this 
blood and flesh is, in all its properties, identical with 
their own. Neither chemical nor physiological dif- 
ferences can be discovered. 

The nutriment of carnivorous animals is derived 
originally from blood ; in their stomach it Ijecomes 
dissolved, and capable of reaching all other parts 
of the body ; in its passage it is again converted into 
blood, and from this blood are reproduced all those 
parts of their organisation which have undergone 
change or metamorphosis. 

With the exception of hoofs, hair, feathers, and 
the earth of bones, every part of the food of carni- 
vorous animals is capable of assimilation. 

In a chemical sense, therefore, it may be said 
that a carnivorus animal, in supporting the vital pro- 
cess, consumes itself. That which serves for its 
nutrition is identical with those parts of its organi- 
sation which are to be renewed. 

The process of nutrition in graminivorous animals 
appear at first sight altogether different. Their 
digestive organs are less simple, and their food con- 
sists of vegetables, the great mass of which con- 
tains but little nitrogen. 
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From what substances, it may be asked, 
blond formed, by means of which their orga 
developed? This question may be answered with 
certainly. 

Chemical researches have shown, ihat all such 
parts of vegetables as can offord nutriment to ani- 
mals contain certain consliluenis which are rich in 
nilrugen ; and the most ordinary ex|ierience proves 
ibai animals require for their support and nuiritioa 
less of these parts of plants in proportion as they 
abound in the nitrogenised constituents. Animala 
cannot be led on matters destitute uf these nitro- 
genised constituents. 

These important products of vegetation are es- 
pecially abundiinl in the seeds of the different kinds 
of grain, and of pease, beans, and lentils; in the 
roots and the juices of what are commonly called 
vegetables. They exist, however, in all plants, 
without exception, and in every part of plants in 
larger or smaller quantity. 

These nitrogenised forms of nutriment in the 
vegetable kingdom may be reduced lo three substan- 
ces, which are easily disi inguished by their external 
characters- Two of them are soluble in water, the 
third ia insoluble. 

When the newly-expresaed juices of vegetables 
are allowed lo stand, a separation lakes place 
in a few minutes. A gelatinous precipitate, 
commonly of a green tinge, is deposited, and this, 
when acted on by liquids which remove the colour- 
iog matter, leaves a grayish white substance, well 
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knowQ to druggists as the deposit from vegetable 
juices. This is one of the nitrogenised compounds 
vhich serves for the nutrition of animals, and has 
been named vegetable Jibrine. The juice of grapes 
is especially rich in this constituent, but it is 
most abundant in the seeds of wheat, and of the 
cerealia generally. It may be obtained from wheat 
flour by a mechanical operation, and in a state of 
tolerable purity ; it is then called gluten^ but 
the glutinous property belongs, not to vegetable 
fibrine, but to a foreign substance, present in 
small quantity, which is not found in the other 
cerealia. 

The method by which it is obtained sufficiently 
proves that it is insoluble in water ; although we 
cannot doubt that it was originally dissolved in the 
vegetable juice, from which it afterwards separated, 
exactly as fibrine does from blood. 

The second nitrogenised compound remains dis- 
solved in the juice after thie separation of the 
fibrine. It does not separate from the juice at 
the ordinary temperature, but is instantly coagu- 
lated when the liquid containing it is heated to 
the boiling point. 

When the clarified juice of nutritious vegetables, 
such as caulifiower, asparagus, mangel wurzel, or 
turnips, is made to boil, a coagulum is formed, which 
it is absolutely impossible to distinguish from the 
substance which separates as coagulum, whcD 
the serum of blood or the white of an egg, 
diluted with water, are heated to the boiling point. 
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This is vegetable albumen. It is found in the great- 
est abundance in certain seeds, in nuts, almonds, 
and others, in which the starch of the graminese is 
replaced by oil. 

The third nitrogenised constituent of the vege- 
table food of animals is vegetable caseine. It is 
cbiefiy found in the seeds of pease, beans, lentils, 
and similar leguminous seeds. Like vegetable 
albumen, it is soluble in water, but differs from it 
in this, that its solution is not coagulated by heat. 
When the solution is heated or evaporated, a 
skin forms on its surface, and the addition of an 
acid causes a coagulum, just as in animal milk. 

These three nitrogenised compounds, vegetable 
fibrine, albumen, and caseine, are the true nitro- 
genised constituents of the food of graminivorous 
animals ; all other nitrogenised compounds, occur- 
ring in plants, are either rejected by animals, as in 
the case of the characteristic principles of poisonous 
and medicinal plants, or else they occur in the food 
in such very small proportionr thav they cannot 
possibly contribute to the increase of mass in the 
animal bod3% 

The chemical analysis of these three substances 
has led to the very interesting result that they 
contain the same organic elements, united in the 
same proportion by weight ; and, what is still 
more remarkable, that they are identical in com- 
position with the chief constituents of blood, ani- 
mal fibrine, and albumen. They all three dissolve 
in concentrated muriatic acid with the same deep 
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purple colour, and even io ihcir physical chara<? 
ters, animal fibrine atitl albumen are in no respect 
different from vegetable fibrine and albumen. It 
is especially to be noticed, that by the phrase, 
identity of composition, we do not here imply 
mere similariiy, but that even in regard to ibe 
presence and relative amount of sulphur, phos- 
phorus, and phosphate of lime, no difference can 
be observed. (8) 

How beautifully and admirably simple, with (Iw 
aid of these discoveries, appears the process of 
nulriiion in animals, the formation of their organs, 
in which vitality chiefly resides ! Those vegeta- 
ble principles, which in animals are used to form 
blood, contain the chief consliiuei.ts of blood, 
fibirne and albumen, ready formed, as far as re- 
gards iheir composition. Ail plants, besides, con- 
tain a certain quantity of iron, which re-appears 
in the colouring malter of the blood. Vegetable 
Bbrine and animal fibrine, vegetable albumen and 
animal albumen, hardly differ, even in form ; if 
these principles be wanting in the food, the nu- 
trition of the animal is arrested ; and when they 
are present, the graminivorous animal obtains in 
its food the very same principles on the presence 
of which the nutrition of the carnivora entirely 
depends. 

Vi'geiables produce in iheir organism the blood | 

I of all animals, for the carnivora, in consuming the 
bltKid and flesh of the gniminivora, consume, strictly 

t speaking, only the vegetable principles which iig/^M 
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served for the nutrition of the latter. Vegetable 
fibrine and albumen take the same form in the 
stomach of the graminivorous animal as animal 
fibrine and albumen do in that of the carnivorous 
animal. 

From what has been said, it follows that the 
development of the animal organism and its 
growth are dependant on the reception of certain 
principles identical with the chief constituents of 
blood. 

In this sense we may say that the animal organ- 
ism gives to blood only its form ; that it is incapa- 
ble of creating blood out of other substances which 
do not already contain the chief constituents of that 
fluid. We cannot, indeed, maintain that the animal 
organism has no power to form other compounds, 
for we know that it is capable of producing an ex- 
tensive series of compounds, differing in composi- 
tion from the chief constituents of blood; but these 
last, which form the starting point of the series, it 
cannot produce. 

The animal organism is a higher kind of vege- 
table, the development of which begins with those 
substances, with the production of which the life of 
an ordinary vegetable ends. As soon as the latter 
has borne seed, it dies, or a period of its life comes 
to a termination. 

In that endless series of compounds, which be- 
gins with carbonic acid, ammonia, and water, the 
sources of the nutrition of vegetables, and includes 
the most complex constituents of the animal brain, 

5 
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there is no blank, no interruption. The first sub- 
stance capable of afibrding nutriment to animals is 
the last product of the creative energy of vege- 
tables. 

The substance of cellular tissue and of mem- 
branes, of the brain and nerves, these the vegetable 
cannot produce. 

The seemingly miraculous in the productive 
agency of vegetables disappears in a great degree, 
when we reflect that the production of the consti- 
tuents of blood cannot appear more surprising than 
the occurrence of the fat of beef and mutton in 
cocoa beans, of human fat in olive oil, of the prin- 
cipal ingredient of butter in palm oil, and of horse 
fat and train oil in certain oily seeds. 

X. While the preceding considerations leave 
little or no doubt as to the way in which the in- 
crease of mass in an animal, that is, its growth, 
is carried on, there is yet to be resolved a most 
important question, namely, that of the function 
performed in the animal system by substances con- 
taining no nitrogen, such as sugar, starch, gum, 
pectine, &c. 

The most extensive class of animals, the grami- 
nivora, cannot live without these substance^ ; their 
food must contain a certain amount of one or more 
of them, and if these compounds are not supplied, 
death quickly ensues. 

This important inquiry extends also to the con- 
stituents of the food of carnivorous animals in the 
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earliest periods of life ; for this food also contains 
substances, which are not necessary for their sup- 
port in the adult state. 

The nutrition of the young of carnivora is obvi- 
ously accomplished by means similar to those by 
which the graminivora are nourished ; their de- 
velopment is dependant on the supply of a fluid, 
which the body of the mother secretes in the shape 
of milk. 

Milk contains only one nitrogenised constituent, 
known under the name of caseine; besides this, 
its chief ingredients are butter (fat), and sugar of 
milk. 

The blood of the young animal, its muscular 
fibre, cellular tissue, nervous matter, and bones, 
must have derived their origin from the nitrogenised 
constituent of milk, the caseine; for butter and 
sugar of milk contain no nitrogen. 

Now, the analysis of caseine has led to the result, 
which, after the details given in the last section, can 
hardly excite surprise, that this substance also is 
identical in composition with the chief constituents 
of blood, fibrine and albumen. Nay, more, a com- 
parison of its properties with those of vegetable 
caseine has shown that these two substances are 
identical in all their properties ; insomuch, that cer- 
tain plants, such as peas, beans, and lentils, are 
capable of producing the same substance which is 
formed from the blood of the mother, and employed 
in yielding the blood of the young animal. (9,) 

The young animal, therefore, receives, in the form 
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of caseine, which is distinguished from fibrine and 
albumen by its great solubility, and by not coagu* 
lating when heated, the chief constituent of the 
mother's blood. To convert caseine into blood 
no foreign substance is required, and in the con- 
version of the mother's blood into caseine, no ele- 
ments of the constituents of the blood have been 
separated. When chemically examined, caseine 
is found to contain a much larger proportion of 
the earth of bones than blood does, and that in 
a very soluble form, capable of reaching every 
part of the body. Thus, even in the earliest 
period of its life, the development of the organs, in 
which vitality resides, is, in the carnivorous animal, 
dependant on the supply of a substance, identical 
in organic composition with the chief constituents 
of its blood. 

What, then, is the use of the butter and the 
sugar of milk ? How does it happen that these 
substances are indispensable to life ? 

Butter and sugar of milk contain no fixed bases, 
no soda or potash. Sugar of milk has a composi- 
tion closely allied to that of the other kinds of 
sugar, of starch, and of gum ; all of them contain 
carbon and the elements of water, the latter pre* 
cisely in the proportion to form water. 

There is added, therefore, by means of these eom- 
pounds, to the nitrogenised constituents of food, a 
certain amount of carbon, or, as in the case of but- 
ter, of carbon and hydrogen ; that is, an excess of 
elements, which cannot possibly be employed in the 
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production of blood, because the nitrogenised sub- 
stances contained in the food already contain exactly 
the amount of carbon which is required for the pro- 
duction of fibrine and aljbumen. 

The following considerations will show that hardly 
a doubt can be entertained, that this excess of car- 
bon alone, or of carbon and hydrogen, is expended 
in the production of animal heat, and serves to pro- 
tect the organism from the action of the atmospheric 
oxygen- 

XI. In order to obtain a clearer insight into the 
nature of the nutritive process in both the great 
classes of animals, let us first consider the changes 
which the food of the camivora undergoes in their 
organism. 

If we give to an adult serpent, or boa con- 
strictor, a goat, a rabbit, or a bird, we find that 
the hair, hoofs, horns, feathers, or bones of these 
animals, are expelled from the body apparently 
unchanged. They have retained their natural 
form and aspect, but have become brittle, be- 
cause of all their component parts they have lost 
only that one which was capable of solution, 
* namely, the gelatine. Faeces, properly so called, 
do not occur in serpents any more than in carnivo- 
lOiis birds. 

We find, moreover, that, when the serpent has 
regained its original weight, every other part of its 
prey, the flesh, the blood, the brain, and nerves, in 
sbortf every thing has disappeared. 

•5 
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The only excrement, strictly speaking, is a sub- 
stance expelled by the urinary passage. When 
dry, it is pure white, like chalk ; it contains much 
nitrogen, and a small quantity of carbonate and phos- 
phate of lime mixed with the mass. 

This excrement is urate of ammonia, a chemical 
compound,in which the nitrogen bears to the carbon 
the same proportion as in bicarbonate of ammonia. 
For every equivalent of nitrogen ir contains two 
equivalents of carbon. 

But muscular fibre, blood membranes, and skin, 
contain four times as much carbon for the same 
amount of nitrogen, or eight equivalents to one ; and 
if we add to this the carbon of the fat and nervous 
substance, it is obvious that the serpent basr con- 
sumed for every equivalent of nitrogen, much more 
than eight equivalents of carbon. 

If now we assume that the urate of ammonia con- 
tains all the nitrogen of the animal consumed, then 
at least six equivalents of carbon, which were in 
combination with this nitrogen, must have been 
given out in a different form from the two 
equivalents which are found in the urate of am- 
monia. 

Now we know, with perfect certainty, that this 
carbon has been given out through the skin and 
lungs, which could only take place in the form of an 
oxidised product. 

The excrements of a buzzard which had been fed 
with beef, when taken out of the rectum, consisted, 
9.ccording to L« Gnaelin and Tiedemann, of urate of 
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ammonia. In like manner, the faeces in lions 
and tigers are scanty and dry, consisting chiefly 
of bone earth, with mere traces of compounds 
containing carbon; but their urine contains, not 
urate of ammonia, but urea, a compound in 
which carbon and nitrogen are to each other 
in the same ratio as in natural carbonate of am- 
monia^ 

Assuming that their food (flesh, &c.) contains 
carbon and nitrogen in the ratio of eight equivalents 
to one, we find these elements in their urine in the 
ratio of one equivalent to one ; a smaller proportioa 
of carbon, therefore, than in serpents, in which 
respiration is so much less active. 

The whole of the carbon and hydrogen which the- 
food of these animals contained, beyond the amount 
which we find in their excrements, has disappeared, 
in the process of respiration, as carbonic acid anid, 
water. 

Had the animal food been burned in a furnace^ 
the change produced in it would only have differed 
in the form of combination, assumed by the nitrogen 
&om that which it underwent in the body of the 
animal. The nitrogen would have appeared, with 
part, of the carbon and hydrogen, as carbonate of 
ammonia, while the rest of the carbon and hydrogen, 
would have formed carbonic acid and water. The 
incombustible parts would have taken the form of 
ashes, and any part of the carbon unconsumed from 
a deficiency of oxygen would have appeared as 
soot, or lamp-black. Now the solid excrements are 
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nothing else than the incombustible, or Imperfectfy 
burned, parts of the food, 

In the preceding pages it has been assumed that 
the elements of the food are converted by the oxy- 
gen absorbed in the lungs into oxidised products; 
tbo carbon into carbonic acid, the hydrogen into 
water, and the nitrogen into a compound con- 
taining the same elements as carbonate of am- 

This is only true in appearance ; the body, 
no doubt, after a certain time, acquires its ori- 
ginal weight. The amount of carbon, and of 
the other elements, is not found to be increased 
— exactly as much carbon, hydrogen, and nitro- 
gen has been given out as was supplied in 
the food ; but nothing is more certain than that 
the carbon, hydrogen, and nitrogen given out, 
although equal in amount to what is supplied 
in that form, do not directly proceed frona the 
food. 

It would he utterly irrational to suppose that the 
necessity of taking food, or the satisfying the appe- 
tite, had no other object than the production of 
urea, uric acid, carbonic acid, and other excremen.- 
titions matters — of substances which the system 
expels, and consequently applies to no useful pup- 
pose in the economy. 

In the adult animal, the food serves to restore 
the waste of matter; certain parts of its organs 
have lost the slate of vitality, have been expelled 
from the substance of the organs, and have beeit 
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metamorphosed into new combinations, which are 
amorphous and unorganised. 

The food of the carnivora is at once converted 
into blood ; out of the newly-formed blood those 
parts of organs which have undergone metamor- 
phoses are reproduced. The carbon and nitrogen 
of the food thus become constituent parts of organs. 

Exactly as much carbon and nitrogen is supplied 
to the organs by the blood, that is, ultimately, by 
the food, as they have lost by the transformations 
attending the exercise of their functions. 

What then, it may be asked, becomes of the new 
compounds produced by the transformations of the 
organs, of the muscles, of the membranes and cel- 
lular tissue of the nerves and brain ? 

These new compounds cannot, owing to their 
solubility, remain in the situation where they are 
formed, for a well-known force, namely the circu- 
lation of the blood, opposes itself to this. 

By the expansion of the heart, an organ in 
which two systems of tubes meet, which are rami- 
fied in a most minute network of vessels through 
all parts of the body, there is produced a vacuum, 
the immediate effect of which is, that all fluids 
which can penetrate into these vessels are urged 
with great force towards one side of the heart by 
the external pressure of the atmosphere. This mo- 
tion is powerfully assisted by the contraction of 
the heait,. alternating with its expansion, and 
caused by a force independent of the atmospheric 
pressuxe. 
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In a word, the heart is a forcing pump, which 
sends arterial blood into all parts of the body; and 
also a suction pump, by means of which all fluids 
of whatever kind, as soon as they enter the absorb- 
ent vessels which communicate with the veins, are 
drawn towards the heart. This suction, arising 
from the vacuum caused by the expansion of the 
heart, is a purely mechanicsd act, which extends, 
as above stated, to fluids of every kind, to saline 
solutions, poisons, &c« It is obvious, therefore, 
that by the forcible entrance of arterial blood 
into the capillary vessels, the fluids contained 
in these, in other words, the soluble com- 
pounds formed by the transformations of organised 
parts, must be compelled to move towards the 
heart. 

These compounds cannot be employed for the 
reproduction of those tissues from which they are 
derived. They pass through the absorbent and 
lymphatic vessels into the veins, where their acca- 
mulation would speedily put a stop to the nutritive 
process, were it not that this accumulation is pre- 
vented by two contrivances adapted expressly to 
this purpose, and which may be compared to jQlter- 
ing machines. 

The venous blood, before reaching the heart, is 
made to pass through the liver; the arterial bloody 
on the other hand, passes through the kidneys; and 
these organs separate from both all substances inca- 
pable of contributing to nutrition. 

Those new compounds which contain the nitrogen 
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of the transformed organs are collected in the uri- 
nary bladder, and being utterly incapable of any 
further application in the system, are expelled from 
the body. 

Those, again, which contain the carbon of the 
transformed tissues, are collected in the gall-blad- 
der in the form of a compound of soda, the btUf 
which is miscible with water in every proportion, 
and which, passing into the duodenum, mixes with 
the chyme. Ail those parts of the bile which, 
during the digestive process, do not lose their so- 
lubility, return during that process into the circula- 
tion in a state of extreme division. The soda of 
the bile, and those highly carbonised portions 
which are not precipitated by a weak acid (together 
making ,Voths of the solid contents of the bile,) 
retain the capacity of resorption by the absorbents 
of the small and large intestines ; nay, this capa- 
city has been directly proved by the administra- 
tion of enemata containing bile, the whole of the 
bile disappearing with the injected fluid in the 
rectum. 

Thus we know with certainty, that the nitrogen- 
ised compounds, produced by the metemorphosis of 
organised tissues, after being separated from the 
arterial blood by means of the kidneys are expelled 
from the body as utterly incapable of further altera- 
tion ; while the compounds rich in carbon, derived 
from the same source, return into the system of 
carnivorous animals. 

The food of the caruivora is identical with the 
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chief constituents of their bodies, and hence the 
metamorphoses which their organs undergo must be 
the same as those which, under the influence of the 
vital force, take place in the matters which consti- 
tute their food. 

The flesh and blood consumed as food yield their 
carbon for the support of the respiratory process, 
while its nitrogen appears as uric acid, ammonia, 
or urea. But previously to these final changes, the 
dead flesh and blood become living flesh and blood, 
and it is, strictly speaking, the carbon of the 
compounds formed in the metamorphoses of liv- 
ing tissues that serves for the production of animal 
heat. 

The food of the carnivora is converted into blood, 
which is destined for the reproduction of organised 
tissues ; and by means of the circulation a current 
of oxygen is conveyed to every part of the body. 
The globules of the blood, which in themselves 
can be shown to take no share in the nutritive 
process, serve to transport the oxygen, which they 
give up in their passage through the capillary 
vessels. Here the current of oxygen meets wiA 
the compounds produced by the transformation of 
the tissues, and combines with their carbon to form 
carbonic acid, with their hydrogen to form water. 
Every portion of these substances which escapes this 
process of oxidation is sent back into the circulation 
in the form of the bile, which by degrees completely 
disappears. 
In the carnivora the bile contains the carbon of 
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tbe metamorphosed tissues ; tbis carbon disap- 
pears in the animal body, and the bile likewise 
disappears in the vital process. Its carbon and 
hydrogen are given out through the skin and 
lungs as carbonic acid and water; and hence it 
is obvious that the elements of the bile serve for 
respiration and for the production of animal heat. 
Every part of the food of carnivorous animals 
is capable of forming blood; their excrements, 
excluding the urine, contain only inorganic sub- 
stances, such as phosphate of lime ; and the small 
quantity of organic matter which is found mixed 
with these is derived from excretions, the use of 
which is to promote their passage through the in- 
testines, such as mucus. These excrements con- 
tain no bile and no soda ; for water extracts from 
them no trace of any substance resembling bile, 
and yet bile is very soluble in water, and mixes 
with it in every proportion. 

Physiologists can entertain no doubt as to the 
origin of the constituent parts of the urine and of 
the bile. WJien, from deprivation of food, the 
stomach contracts itself so as to resemble a portion 
of intestine, the gall-bladder, for want of the motion 
which the full stomach gives to it, cannot pour out 
the bile it contains ; hence in animals starved to 
death we fine the gall-bladder distended and full. 
The secretion of bile and of urine goes on during 
the winter sleep of hybernating animals ; and we 
know that the urine of dogs, fed for three weeks 
exclusively on pure sugar, contains as much of the 
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most highly nitrogenised constituent, urea, as irthe 
Qormal condition. (Marchaud- Erdmaun's Journal 
fiir praklische Chemie, XIV. p. 495.) 

DiSerencea in the quantity of urea secreted in 
these and similar experiments are explained hy 
the condition of the animal in regard to the 
amount of the natural motions permitted. Every 
motion increases the amount of organised tissue 
which undergoes metamorphosis. Thus after B 
walk, the Becretion of urine in man is invariably 
increased. 

The urine of the mammalia, of birds, and of 
amphibia, contains uric acid or urea ; and the ex- 
crements of the mollusca, and of insects, as of can- 
tharides and of the butterfly of the silkworm, con- 
tain urate of ammonia. This constant occurrence of 
one or two nitrogenised compounds in the excre- 
tions of animals, while so great a difference esista 
in their food, clearly proves that these compounds 
proceed from one and the same source. 

As liitle doubt can be entertained in regard to 
the function of the bile in the vital process. When 
we consider, that the acetate of potash, given in 
enema, or simply as a bath for the feet, renders the 
urine strongly alkaline (Rehberger in Tiedemann's 
Zeitschrift fiir Physiologic, II. 149), and that the 
change which the acetic acid here undergoes cannot 
be conceived without the addition of oxygen, it ia 
obvious, that the soluble constituents of the bile, 
prone to change in a high degree as we know them 
to be, and which, as already stated, cannot be emf 
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jloyed in the production of bVood, must, wheo re- 
lUrned through the intestines into the circulation, 
in like manner yield to the influence of the oxygen 
which they meet. The bile is a compound of 
ioda, the elements of which, with the exceplioo of 
^e soda, disappear in the body of a carnivorous 
animal. 

In the opinion of many of the most distinguished 
physiologists, the bile is intended solely to be ex- 
ereted; and nothing is more certain, than that 
a substance containing so very small a proportion 
of nitrogen can have no share in the process of 
nutrition or reproduction of organised tissue. — 
But quantitative physiology must at once and de- 
cidedly reject the opinion, that the bile serves no 
purpose in the economy, and is incapable of further 
%faange. , 

•- No part of any organised structure contains soda ; 
«nly in the serum of the blood, in the fat of the 
brain, and in the bile, do we meet wilh that alkali. 
When the compounds of soda in the blood are coo- 
verted into muscular fibre, membrane, or cellular 
tissue, the soda they contain must enter into new 
combinations. The blood which is transformed 
■into organised tissue gives up its soda to the com- 
pounds formed by the metamorphoses of the pre- 
viously existing tissues. In the bile we find one of 
these compounds of soda. 

Were the bile intended merely for excretion, we 
ghoold find it, more or less altered, and also the 
floda it contains, in the solid excrements. Bi 
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with the exception of common sail, and of sulphate 
of aoda, which occur in all the animal fluids, only 
mere traces of soda are to be found in the fseces. — 
The soda of the bile, therefore, at all events, must 
have returned from the intestinal canal Into the or- 
ganism, and the same must be true of the oi^nk 
matters which were in combination with it. 

According to the observations of physiologists, a 
man secretes daily from 17 to 24 oz. of bile; a 
large dog, 3C oz. ; a horae, 37 lbs. (Burdach's Phy- 
Biologie, V, p. 9G0.) But the faeces of a man do 
not on an average weigh 'more than 5Joz. ; and 
those of a horse 28^ lbs., of which 21 lbs. are wa- 
ter, and 7^ lbs. dry ffeces. (Bouasingault.) The 
latter yield to alcohol only a'o'th part of their weigkc 
of soluble matter- 

If we asaume the bile to contain 90 percent, of 
water, a horse secretes daily 592 oz. of bile, con- 
taining 59-2 oz. of solid matter; while 7j lbs, or 
120 oz. of dried excrement yield only 6 oz. of mat- 
ter soluble in alcohol, which might possibly be bile. 
But this matter is not bile ; when the alcohol is 
dissipated by evaporation, there remains a soft, 
unctuous mass, altogether insoluble in water, and 
which, when incinerated, leaves no alkaiioe ashes, 
no soda. (10) 

During the digestive process, therefore, the Boda 
of the bile, and, along with it, all the soluble parts 
of that fluid, are returned into the circulation. This 
soda re-appears in the newly-formed blood, and, 
finally, we &nd it in the urine in the form of pboB- 
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jl^ate, carbonate, aod hlppurata of soda. Berzelius . 

found in 1,000 parts of fresh human fasces only nioe '■ 

parts of a substaDce similar to bile ; 6 ounces, there* 
fore, would contain only 21 grains of dried bile, 
equivalent to 210 grains of fresh bile. Bui a man 
Becretes daily from 9,640 to 11,630 grains of fluid 
bile, that is, from i5 to 56 times as much as can be 
detected in the matters discharged by the intestinal 
canal. 

Whatever opinion we may entertain of the accu- 
racy of the physiological experiments, in regard to 
the quantity of bile secreted by the different classes 
of animals ; thus much is certain, that even the max- 
imum of the supposed secretion, in man and in the 
horse, does not contain as much carbon as is given 
oat in respiration. With all the fat which is mixed 
with it, or enters into its composition, dried bile 
rfoes not contain more than 69 per cent, of carbon. 
Consequently, if a horse secretes 37 lbs. of bile, tbia 
quantity will contain only 40 ounces of carbon. 
But the horse expires daily nearly twice as much in 
the form of carbonic acid. A precisely similar pro- 
portion holds good in man. 

Along with tlie matter destined for the formation 
or reproduction of organs, the ciVculation conveys 
oxygen to all parts of the body. Now, into what- 
ever combination the oxygen may enter in the 
blood, it must be held as certaiu, that such of the 
constituents of blood as are employed for reproduc- 
tion, are not materially altered by it. In muscular 
fibre we find fibrine, with all the properties it 
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in venous blood ; tfae albumen in the blood does not 
combine with oxygen. The oxygen may possibly 
serve to convert into the gaseous state some un- 
known constituent of the blood ; but those well- 
known constituents, which are employed in repro- 
duction, cannot be destined to support the respira- 
tory process ;: none of their properties can justify 
such an opinion^ 

Without attempting in this place to exhaust the 
whole question of the share taken by the bile in tfae 
vital operations, it follows, as has been observed, 
from the simple comparison of those parts of the 
food of the carnivora which are capable of assimila- 
tion, with the ultimate products into which it is con- 
verted, that all the carbon of the food, except that 
portion which is found in the urine, is given out as 
carbonic acid. 

But this carbon was ultimately derived from the 
substance of the metamorphosed tissues ; and this 
being admitted, the question of the neccessity of sub- 
stances containing much carbon and no nitrogen in 
the food of the young of the carnivora, and in that 
of the graminivora, is resolved in a strikingly simple 
manner. 

Xn. It cannot be disputed that in an adult carni- 
vorous animal, which neither gains nor loses weight 
perceptibly from day to day, its nourishment, the 
waste of organised tissue, and its consumption of 
oxygen, stand to each other in a well-defined and 
fixed relation. 
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The carbon of the carbonic acid given off, with 
that of the urine ; the nitrogen of the urine, and the 
hydrogen given off as ammonia and water ; these 
elements, taken together, must be exactly equal in 
weight to the carbon, nitrogen, and hydrogen of the 
metamorphosed tissues, and since these last are ex- 
actly replaced by the food, to the carbon, nitrogen, 
and hydrogen of the food. Were this not the case^ 
the weight of the animal could not possibly remain 
unchanged. 

But, in the young of the carnivora, the weight 
does not remain unchanged ; on the contrary, 
it increases from day to day by an appreciable 
quantity. 

This fact presupposes, that the assimilative pro- 
cess in the young animal is more energetic, more 
intense, than the process of transformation in the 
existing tissues. If both processes were equally ac- 
tive, the weight of the body couM not increase ? 
and were the waste by transformation greater, the 
weight of the body would decrease. 

Now, the circulation in the young animal is not 
weaker, but, on the contrary, more rapid ; the res- 
pirations are more frequent ; and, for equal bulks, the 
consumption of oxygen must be greater rather than 
smaller in the young than in the adult animal. 
But, since the metamorphosis of organised parts 
goes on more slowly, there would ensue a deficiency 
of those substances, the carbon and hydrogen of 
which are adapted for combination with oxygen ; 
because, in the carnivora it is the new compounds^ 
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produced by ihe metamorphosis of organised parts, 
which nature has destined to furnish the necessary 
resistance to the action of the oxygen, and to pro- 
duce animal heat. What is wanting for these ptw 
poses an infinite wisdom has supplied to the youiig< 
animal in its natural food. 

The carbon and hydrogen of butter, and the car- 
bon of the sugar of milk, no part of either of which 
can yield blood, fibrine, or albumen, are destined 
for the support of the respiratory process, at an age 
when a greater resistance is opposed to the meta- 
morphosis of existing organisms; or, in other words, 
to the production of compounds, which in the adult 
state are produced in quantity amply sufficient for 
the purpose of respiration. 

The young animal receives the constituents of its 
blood in the caseine of the milk. A metamorphosis 
of existing organs goes on, for bile and nrtne are 
secreted ; the matter of the metamorphosed parts is 
given off in the form of urine, of carbonic acid, and 
of water ; but the butter and sugar of milk also 
disappear ; they cannot be detected in the faaces. 

The butter and sugar of milk are given out in the 
form of carbonic acid and water, and their conver- 
sion into oxidised products furnishes the clearest 
proof that far more oxygen is absorbed than is re- 
quired to convert the carbon and hydrogen of the 
metamorphosed tissues into carbonic acid and 
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animal, conseqaently yield, in a given time, much 
less carbon and hydrogen in the form adapted for 
the respiratory process than corresponds to the oxy- 
gen taken up in tbe lungs. The substance of its 
organised parts would undergo a more rapid con- 
sumption, and would necessarily yield to the action 
of the oxygen, were not the deficiency of carbon 
and hydrogen supplied from another source. 

The continued increase of mass, or growth, and 
the free and unimpeded development of the organs 
in the young animal, are dependent on the presence 
of foreign substances, which, in the nutritive pro- 
cess, have no other function than to protect the 
newly-formed organs from the action of the oxy- 
gen. It is the elements of these substances which 
unite with the oxygen ; the organs themselves could 
not do so without being consumed ; that is, growth, 
or increase of mass in the body, the consumption 
of oxygen remaining the same, would be utterly 
impossible. 

The preceding considerations leave no doubt as 
to the purpose for which Nature has added to the 
food of the young of carnivorous mammalia sub- 
stances devoid of nitrogen, which their organism 
cannot employ for nutrition, strictly so called, that 
is, for the production of blood ; substances which 
may be entirely dispensed with in their nourishment 
in the adult state. In the young of carnivorous 
birds, the want of all motion is an obvious cause of 
diminished waste in the organised parts ; hence, 
milk is not provided for them. 
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The nutritive process in the cariiivora thus pre^ 
sents itself in two distinct forms; one of which we 
agalQ meet wilb in the graminivora. 

XIII. In the class of graminivorous animals, we 
tJjserve, that during their whole life, their exist- 
ence depends on the supply of substances having 
a composition identical with that of sugar of naiUc, 
or closely resembUng it. Every thing that they 
consume as food contains a certain quantity of 
starch, or gum, or sugar, mixed with other matters, 

The most abundant and widely-extended of the 
substances of this class is amylon or starch ; it 
occurs in roots, seeds, and stalks, and even in 
wood, deposited in the form of roundish or 
oval globules, which differ from each other in 
size alone, being identical in chemical compoai- 
lion. (11) In the same plant, in the pea, for ex- 
ample, we find starch, the globules of which 
differ in size. Those in the expressed juice oi 
the stalks have a diameter of from j^^ to 7^ of 
an inch, while those in the seed are three or four 
times larger. The globules in arrow-root and in 
potato starch are distinguished by their large 
size ; those of rice and of wheat are remarkably 
small. 

It is well known that starch may be converted 
into sugar by very difierent means. This change 
occurs iu the process of germination, as in malting) 
and it is easily accomplished by the action of acids> 
metamorphosis of starch into sugar depends 
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simply, as is proved by analysis, on the addition 
of the elements of water. (12) All the carbon of 
the starch is found in the sugar; none of its ele* 
ments have been separated, and, except the ele- 
ments of water, no foreign element has been added 
to it in this transformation. 

In many, especially in pulpy fruits, which when 
unripe are sour and rough to the taste, but when 
ripe are sweet, as, for example, in apples and pears, 
the sugar is produced from the starch which the un- 
ripe fruit contains. 

If we rub unripe apples or pears on a grater to 
a pulp, and wash this with cold water on a fine 
sieve, the turbid liquid which passes through de- 
posits a very fine flour of starch, of which not 
even a trace can be detected in the ripe fruit. 
Many varieties become sweet while yet on the tree ; 
these are the summer or early apples and pears. 
Others, again, become sweet only after having been 
kept for a certain period after gathering. The 
after-ripening, as this change is called, is a purely 
chemical process, entirely independent of the vital- 
ity of the plant. When vegetation ceases, the fruit 
is capable of reproducing the species, that is, the 
kernel, stone, or true seed is fully ripe, but the 
fleshy covering from this period is subjected to the 
action of the atmosphere. Like all substances 
in a state of eremacausis, or decay, it absorbs 
oxygen, and gives off a certain quantity of carbonic 

aeid gas* 

In the same way as the starch in putrefying 
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paste, in which it is in conl:ict with decaying 
gluten, is converted into sugar, the starch ia the 
above-named fruits, in a str.te of decay, or erema- 
causis, is transformed into grape sugar. The more 
starch the unripe fruit contains, the sweeter does 
it become when ripe. 

A close connection thus exists between sugar 
and starch. By means of a variety of chetni- 
cal actions, which exert no other influence on 
the elements of starch than that of changing 
the direction of their mutual attraction, we can 
convert starch into sugar, but it is always grape 
sugar. 

Sugar of milk in many respects resembles 
starch ; (13) it is, by itself, incapable of the vinous 
fermentation, but it acquires the property of resolv- 
ing ilself into alcohol and carbonic acid when it is 
exposed to heat in contact wiih a substance in the 
slate of fermentation (such as putrefying cheese 
in milk). In this case, it is first converted into 
grape sugar ; and it undergoes the same transfor- 
mation, when it is kept in contact with acids — 
with sulphuric acid, for example — at the ordioaiy 
temperature. 

Gum has the same compositionin 100 parts as csme 
sugar. (14) It is distinguished from the different 
varieties of sugar by its not possessing the property 
of being resolved into alcohol and carbonic acid by 
the process of putrefaction. When placed in con- 
tact with fermenting substances, it undergoes no 
appreciable change, whence we may conclude, vpith 
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some degree of probability, that its elements^ in 
the peculiar arrangement according to which they 
ure united, are held together with a stronger force 
than the elements of the difierent kinds of sugar. 

There is^ however, a certain relation between 
gam and sugar of milk, since both of them, when 
treated with nitric acid, yield the same oxidised pro* 
duct, namely mucic acid, which cannot, under the 
same circumstances, be formed from any of the other 
kinds of sugar. 

In order to show more distinctly the similarity of 
composition in these different substances, which per- 
form so important a part in the nutritive process of 
the graminivora, let us represent one equivalent of 
carbon by C (= 75*8), and one equivalent of water 
by iiqua (=== 112*4), we shall then have for the com- 
position of these substances the following expres- 
sions: — 

Starch =12 C+10 aqua. 

Cane Sugar . . = 12 C+10 aqua+1 aqua. 

Gum =12 C+10 aqua+1 aqua. 

Sugar of milk . = 12 C+10 aqua+2 aqua. ' 
Grape Sugar . = 12 C+10 aqua+4 aqua. 

For the same number of equivalents of carbon, 
starch contains 10 equivalents, cane-sugar and gum 
11 equivalents, sugar of milk 12 equivalents, and 
grape-sugar 14 equivalents, of water, or the ele- 
ments of water. 
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/. In these different substances, some one of 
^ch is never wanting in the food of the gramini- 
vora, there is added to the nitrogenised constituents 
of this food, to the vegetable albumen, fibrine, and 
caseine, from which their blood is formed, strictly 
speaking, only a certain excess of carbon, which the 
animal organism cannot possibly employ to produce 
fibrine or albumen, because the nitrogenised consti- 
tuents of the food already contain the carbon neces- 
sary for the production of blood, and because the 
blood in the body of the carnivora is formed without 
the aid of this excess of carbon. 

The function performed in the vital process of 
the graminivora by these substances (sugar, gum, 
&c.) is indicated in a very clear and convincing 
manner, when we take into consideration the very 
small relative amount of the carbon which these 
animals consume in the nitrogenised constituents 
of their food, which bears no proportion what- 
ever to the oxygen absorbed through the skin and 
lungs. 

A horse, for example, can be kept in perfectly 
good condition, if he obtain as food 15 lbs. of hay 
and 4Jlbs, of oats daily. If we now calculate the 
whole amount of nitrogen in these matters, as ascer- 
tained by analysis (1*6 per cent, in the hay, 2*2 per- 
cent, in the oats), (16) in the form of blood, that is, as 
fibrine and albumen, with the due proportion of water 
in blood (80 per cent.), the horse receives daily no 
more than 4J oz. of nitrogen, corresponding to about 
8 lbs. of blood. But along with this nitrogen, that is» 
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combined with it in the form of fibrine or albumen, 
the animal receives only about 14j oz, of carbon.— 
Only about 8 oz. of this can be employed to sup- 
port respiration, for with the nitrogen expelled in 
the urine there are combined, in the form of ureSi 
3 oz., and in the form of hippuric acid, 3^ oz., of 
carbon. 

Without going further into the calculation, it will 
readily be admitted, that the volume of air inspired 
and expired by a horse, the quantity of oxygen con- 
sumed, and, as a necessary consequence, the amount 
of carbonic acid given out by the animal, is much 
greater than in the respiratory process in man. But 
an adult man consumes daily about 14 oz. of car- 
bon, and the determination of Boussingault, accor- 
ding to which a horse expires 79 oz. daily, cannot be 
very far from the truth. 

In the nitrogenised constituents of his food, there- 
fore, the horse receives rather less than the fifth part 
of the carbon which his organism requires for the 
support of the respiratory process ; and we see that 
the wisdom of the Creator has added to his food 
the fths which are wanting, in various forms, as, 
starch, sugar, &c. with which the animal must be 
supplied, or his organism will be destroyed by the 
action of the oxygen. 

It is obvious, that in the system of the gramini- . 
vora, whose food contains so small a proportion, re- 
latively, of the constituents (if blood, the process of 
metamorphosis in existing tissues, and consequently 
their xestoration or reproduction, must go on far less 
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rapidly than in the carnivora. Were ibis not liie 
case, a vegetation a thousand times more luxuriant 
than the actual one would not suffice for tb^ 
nourishment. Sugar, gum, and starch, would li& 
longer be necessary to support life in these animate^ 
because, in that case, the products of the waste, or 
metamorphosis of the organised tissues, would con- 
tain enough of carbon to support the respiratory 
process. 

Man, when confined to animal food, requires for 
his support and nourishment extensive sources of 
food, even more widely extended than the lion and 
tiger, because, when he has the opportunity, he killa 
without eating. 

A nation of hunters, on a limited space, is utter- 
ly incapable of increasing its numbers beyond a 
certain point, which is soon attained. The carbon 
necessary for respiration must be obtained from 
the animals, of which only a limited number can 
live on the space supposed. These animals 
collect from plants the constituents of their or^ 
gans and of their blood, and yield them, in 
turn, to the savages who live by the chase alone. 
They, again, receive this food unaccompanied 
by those compounds, destitute of nitrogen, which, 
during the life of the animals, served to sup 
port the respiratory process. In such men, confi- 
ned to an animal diet, it is the carbon of the flesh 
and of the blood which must take the place of 
starch and sugar. 
But IS lbs. of flesh contain not more carbon ifaaa 
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4 lbs. of starch, (16) and while the savage with 
one animal and an equal weight of starch could 
maintain life and health for a certain number of 
days, he would be compelled, if confined to flesh, 
in order to procure the carbon necessary for respL 
ration, during the same time, to consume five such 
animals. 

It is easy to see, from these considerations, how 
close the connection is between agriculture and the 
multipUcation of the human species. The cultiva- 
tion of our crops has ultimately no other object than 
the production of a maximum of those substances 
which are adapted for assimilation and respiration, in 
the smallest possible space. Grain and other nutri- 
tious vegetables yield us, not only in starch, sugar, 
and gum, the carbon which protects our organs from 
the action of oxygen, and produces in the organism 
the heat which is essential to life, but also in the 
form of vegetable fibrine, albumen, and caseine, 
our blood, from which the other parts of our body 
are developed. 

Man, when confined to animal food, respires, like 
the camivora, at the expense of the matters pro- 
duced by the metamorphosis of organised tissues ; 
and, just as the lion, tiger, hyaena, in the cages of a 
menagerie, are compelled to accelerate the waste of 
the organised tissues by incessant motion, in order 
to furnish the matter necessary for respiration, so, 
the savage, for the very same object, is forced to 
make the most laborious exertions and go through a 
vast amount of muscular exercise. He is compelled 
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to consume force merely in order to supply matter 
for respiration. 

Cultivation is the economy of force. Science 
teocbes us the simplest meEins of obtaining the 
greatest effect with the smallest expenditure of 
power, and with given means to produce a maxi- 
mum offeree. The unprofitable exertion of power, 
the waste of force in agriculture, in other branches 
of industry) in science, or in social economy, ia 
obaracteristic of the savage state, or of the want of 
cultivation. 

XV. A comparison of the urine of the car- 
nivora with that of the gratninivora shows very 
clearly, that the process of metamorphosis in 
the tissues is different, both in form and in rapid- 
ity, in the two classes of animals. 

The urine of carnivorous animals ia acid, and 
contains alkaline bases united wllh uric, phos- 
phoric, and sulphuric acids. We know perfectly 
the source of the two latter acids. All the 
tissues, with the exception of cellular tissue 
and membrane, contain phosphoric acid and 
sulphur, which latter element is converted into 
sulphuric acid by the oxygen of the arterial 
blood. In the various fluids of the body there 
are only traces of phosphates or sulphates, ex- 
cept in the urine, where both are found in abun- 
dance. It is plain that they are derived from 
liie metamorphosed tissues ; they enter into the 
venous blood in the form of soluble salts, and 
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are separated from it in its passage through the 
kidneys. 

The urine of the graminivora is alkaline ; it con- 
tains alkaline carbonates in abundance^ and so small 
a portion of alkaline phosphates as to have been 
overlooked by most observers. 

The deficiency or absence of alkaline phosphates 
in the urine of the graminivora, obviously indicates 
the slowness with which the tissues in this class of 
animals are metamorphosed ; for if we assume that 
a horse consumes a quantity of vegetable fibrine 
and albumen corresponding to the amount of nitro- 
gen in his daily food (about 4^ oz.), and that the 
quantity of tissue metamorphosed is equal to that 
newly formed, then the quantity of phosphoric acid 
which on these suppositions would exist in the urine 
is not so small as not to be easily detected by 
analysis in the daily secretion of urine (3 lbs. accord- 
ing to Boussingault) ; for it would amount to 0-8 per 
cent. But, as above stated, most observers have 
been unable to detect phosphoric acid in the urine 
of the horse. 

Hence it is obvious, that the phosphoric acid, 
which in consequence of the metamorphosis of 
tissues is produced in the form of soluble alka- 
line phosphates, must re-enter the circulation in 
this class of animals. It is there employed in 
forming brain and nervous matter, to which it 
is essential, and also, no doubt, in contributing to 
the supply of the earthy part of the bones. It is 
probable, however, that the greater part of the 
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earth of bones is obtained by the direct assimila- 
tion of phosphate of lime, while the soluble phos- 
phates are better adapted for the production of 
nervous matter. 

In the graminivora, therefore, whose food con- 
tains so small a proportion of phosphorus or of 
phosphates, the organism collects all the soluble 
phosphates produced by the metamorphosis of tis- 
sues, and employs them for the development of 
the bones and of the phosphorised constituents of 
the brain ; the organs of excretion do not separate 
these salts from the blood. The phosphoric acid 
which, by the change of matter, is separated in the 
uncombined state, is not expelled from the body as 
phosphate of soda ; but we find it in the solid 
excrements in the form of insoluble earthy phos- 
phates. 

XVL If we now compare the capacity for in- 
crease of mass, the assimilative power in the grami- 
nivora and carnivora, the commonest observations 
indicate a very marked difierence. 

A spider, which sucks with extreme voracity the 
blood of the first fly, is not disturbed or excited by 
a second or third. A cat will eat the first, and per- 
haps the second mouse presented to her, but even 
if she hills a third, she does not devour it. Exactly 
similar observations have been made in regard to 
lions and tigers, which only devour their prey when 
urged by hunger. Carnivorous animals, indeed, re- 
quire less food for their mere support^ because their 
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skin is destitute of perspiratory pores, and because 
they consequently lose, for equal bulks, much less 
heat than graminivorous animals, which are com« 
pelled to restore the lost heat by means of food 
adapted for respiration* 

How dijBferent is the energy and intensity of 
vegetative life in the graminivora. A cow, or a 
sheep, in the meadow, eats, almost without interrup- 
tion, as long as the sun is above the horizon. Their 
system possesses the power of converting into or- 
ganised tissues all the food they devour beyond the 
quantity required for merely supplying the waste 
of their bodies. 

All the excess of blood produced is converted 
into cellular and muscular tissue ; the graminivorous 
animal becomes fleshy and plump, while the flesh 
of the carnivorous animal is always tough and 
sinewy. 

If we consider the case of a stag, a roe- 
deer, or a hare, animals which consume the 
same food as cattle and sheep, it is evident that, 
when well supplied with food, their growth in 
size, their fattening, must depend on the quan- 
tity of vegetable albumen, fibrine, or caseine, 
which they consume. With free and unimpeded 
motion and exercise, enough of oxygen is ab- 
sorbed to consume the carbon of the gum, sugar, 
starch, and of all simular soluble constituents of 
their food. 

But all this is very differently arranged in our 
domestic animals, when with an abundant supply 
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of food, we check ihe processes of cooling and ex- 
halation, as we do when we feed them in stables, 
where free motion is impossible. 

The stall-fed animal eats, and reposes merely for ' 
digestion. It devours in the shape of nitrogenised 
compounds far more food than is required for repro- 
duction, or the supply of waste alone ; and at the 
same time it eats far more of substances devoid of 
nitrogen than is necessary merely to support respi- 
ration and to keep up animal heat. Want of 
exercise and diminished cooling are equivalent to 
a deficient supply of oxygen; for when these 
circumstances occur, the animal absorbs much 
less oxygen than is required to convert into car- 
bonic acid the carbon of the substances destined 
for respiration. Only a small part of the excess 
of carbon thus occasioned is expelled from the 
body in the horse and ox, in the form of hippuric 
acid ; and all the remainder is employed in the 
production of a substance which, in the normal 
state, only occurs in small quantity as a consti- 
tuent of the nerves and brain. This substance 
iB fat. 

In the normal condition, as to exercise and labour, 
the urine of the horse and ox contains benzoic acid 
(with J 4 equivalents of carbon) ; but as soon as the 
animal is kept quiet in the stable, the urine contains 
hippuric acid (with 18 equivalents of carbon). 

The flesh of wild animals is devoid of fat ; while 
that of stall-fed animals is covered with that sub- 
stance. When the fattened animal is allowed to 
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move more freely in the air, or compelled to draw 
heavy burdens, the fat again disappears. 

It is evident, therefore, that the formation of fat 
in the animal body is the result of a \vaDt of 
due proportion between the food taken into the 
stomach and the oxygen absorbed by the lungs and 
the skin. 

A pig, when fed with highly nitrogenised food^ 
becomes full of flesh ; when fed with potatoes 
(starch) it acquires little flesh, but a thick layer of 
fat. The milk of a cow, when stall-fed, is very rich 
in butter, but in the meadow is found to contain 
more caseine, and in the same proportion less butter 
and sugar of milk. In the human female, beer and 
farinaceous diet increase the proportion of butter 
in the milk ; an animal diet yields less milk, but it 
is richer in caseine. 

If we reflect, that in the entire class of carnivora, 
the food of which contains no substance devoid of 
nitrogen except fat, the production of fat in the body 
is utterly insignificant ; that even in these animals^ 
as in dogs and cats, it increases as soon as they live 
on a mixed diet ; and that we can increase the forma- 
tion of fat in other domestic animals at pleasure, but 
only by means of food containing no nitrogen ; we 
can hardly entertain a doubt that such food, in its 
various forms of starch, sugar, &c., is closely con- 
nected with the production of fat. 

In the natural course of scientific research, we 
draw conclusions from the food in regard to the 
tissues or substances formed from it ; from the ni- 
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trogenised constituents of plants we draw certain 
inferences as to tbe nitrogenised constituents of the 
blood ; and it is quite in accordance with this, the 
natural method, that we should seek to establish the 
relations of those parts of our food which are devoid 
of nitrogen and those parts of the body which con- 
tain none of that element. It is impossible to over- 
look the very intimate connection between them. 

If we compare the composition of sugar of milk, 
of starch, and of the other varieties of sugar, with 
that of mutton and beef suet and of human fat, we 
find that in all of them the proportion of carbon to 
hydrogen is the same, and that they only dilBfer in 
that of oxygen. 

According to the analyses of Chevreul, mutton 
fat, human fat, and hogs lard, contain 79 per cent, 
of carbon to 11*1, 11'4, and 11*7 per cent, of hy- 
drogen respectively. (16) 

Starch contains 4491 carbon to 6*11 hydrogen 
Gum and sugar 42-58 to 6*37 ditto. (17) 

It is obvious that these numbers representing 
the relative proportions of carbon and hydrogen in 
starch, gum, and sugar, are in the same ratio as the 
carbon and hydrogen in the different kinds of fat ; for 

44-91 : 6-11 = 79 : 1099 
42-58 : 6-37 = 79 : 11-80 

From which it follows, that sugar, starch, and gum, 
by tbe mere separation of a part of their oxygen, 
may pass into fat, or at least into a substance having 
exactly the composition of fat. If from the formula 
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of Starch, CmH^oOio, we take 9 equivalents of oxy* 
gen, there will remain in 100 parti 



Ci2 79-4 

Hio 10-8 

O ; 9-8 

The empirical formula of fat which comes nearest 
to this is CjiHioO, which gives in 100 parts — 

Cu 78-9 

Hio . 11 6 

O 9 5 

According to this formula, an equivalent of starch, 
in order to be changed into fat would lose 1 equi- 
valent of carbonic acid, COg, and 7 equivalents of 
oxygen. 

Now the composition of all saponifiable fatty 
bodies agrees very closely with one or other of these 
two formulae. 

If from 3 equivalents of sugar of milk, 3C]aH]sOis 
sCgsHgeO^, we take away four equivalents of water 
and 31 of oxygen, there will remain C^IlgjO, a 
formula which accurately represents the composition 
of cholesterine, the fat of bile. (18) 

Whatever views we may entertain regarding the 
origin of the fatty constituents of the body, this 
much at least is undeniable, that the herbs and roots 
consumed by the cow contain no butter ; that in 
hay or the other fodder of oxen no beef suet exists ; 
that no hog's lard can be found in the potato refuse 
given to swine ; and that the food of geese or fowls 
ccMitains no goose fat or capon fat. The masses of 

8 
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fat found in the bodies of these animals are formed 
in their organism ; and when the full value of this 
fact is recognized, it entitles us to conclude that a 
certain quantity of oxygen, in some form or other, 
separates from the constituents of their food ; for 
without such a separation of oxygen, no fat could 
possibly be formed from any one of these sub- 
stances. 

The chemical analysis of the constituents of the 
food of the graminivora shows in the clearest man- 
ner that they contain carbon and oxygen in certain 
proportions; which, when reduced to equivalents, 
yield the following series : — 

In vegetable fibrine, albumen, and caseine, there are con- 
tained, for 120 eq. carbon, 36 eq. oxygen 

In starch 120 100 

In cane sugar ...... 120 110 

In gum 120 110 

In sugar of milk .... 120 120 

In grape sugar .... 120 140 

Now in all fatty bodies there are contained^ on an 
average — 

for 120 eq. carb. only 10 eq. oxygen. 

Since the carbon of the fatty constituents of the 
animal body is derived from the food, seeing that 
there is no other source whence it can be derived, 
it^ is obvious if we suppose fat to be formed from 
albumen, fibrine, or caseine, that, for every 120 equi- 
valents of carbon deposited as fat, 26 equivalents of 
oxygen must be separated from the elements of these 
substances ; and further, if we conceive fat to be 
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formed from starcb, sugar, or sugar of milk, that for 
the same amount of carbon there must be separated 
90, 100, and 110 equivalents of oxygen from these 
compounds respectively. 

There is, therefore, but one way in which the 
formation of fat in the animal body is possible, and 
this is absolutely the same in which its formation in 
plants takes place ; it is a separation of oxygen from 
the elements of the food. 

The carbon which we find deposited in the seeds 
and fruits of vegetables, in the form of oil and fat, 
was previously a constituent of the atmosphere, and 
was absorbed by the plant as carbonic acid. Its 
conversion into fat was accomplished under the in- 
fluence of light, by the vital force of the vegetable ; 
and the greater part of the oxygen of this carbonic 
acid was returned to the atmosphere as oxygen 
gas.* 

In contradistinction to this phenomenon of 
vitality in plants, we know that the animal sys- 
tem absorbs oxygen from the atmosphere, and 
that this oxygen is again given out in com- 
bination with carbon or hydrogen ; we know, 
that in the formation of carbonic acid and 
water, the heat necessary to sustain the constant 
temperature of the body is produced, and that 
a process of oxidation is the only source of ani- 
mal heat. 

Whether fat be formed by the decomposition o^ 
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fibrin€ and albumen, the chief constituents 
blood» or by that of starch, sugar, or gum, 
decomposition must be accompanied by the so- 
paration of oxygen from the elements of tbeo^j 
compounds. But this oxygen is not given oat 
in the free state, because it meets in the oiguh 
ism. with substances possessing the property of 
entering into combination with it. In fact, it il 
given out in the same forms as that which is 
absorbed from the atnjiosphere by the skin and 
limgs. 

It is easy to see, from the above consideratiom, 
that a very remarkable connection exists between 
the formation of fat and the respiratory process. 

XVni. The abnormal condition, which causes 
the deposit of fat in the animal body, depends, as 
was formerly stated, on, a disproportion between the 
quantity of carbon in the food and that of oxygen 
absorbed by the skin and lungs. In the normal 
condition, the quantity of carbon given out is eir 
actly equal to that which is taken in the food, and 
the body acquires no increase of weight from the 
accumulation of substances containing much carboa 
and no nitrogen. 

If we increase the supply of highly carbonised 
fcod, then the normal state can only be preserved 
on the condition that, by exercise and labor, the 
waate of the body is increased, and the supply of 
oxygen augmented in the same proportion. 

The prchduction of fat is always a con^secjoence of 
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a deficient supply of oxygen, for oxygen is abso- 
lutely indispensable for the dissipation of the excess 
of carbon in the food. This excess of carbon, de- 
posited in the form of fat, is never seen in the 
Bedouin or in the Arab of the desert, who exhibits 
with pride to the traveller his lean, nauscular, sinewy 
Umbs, altogether free from fat ; but in prisons and 
jails it appears as' a puffiness in the inmates, fed^ 
as they are, on a poor and scanty diet ; it ap- 
pears in the sedentary females of oriental countries ; 
and finally, it is produced under the well-known 
conditions of the fattening of domestic animals. 

The formation of fat depends on a deficiency of 
oxygen ; but in this process, in the formation of fat 
itself, there is opened up a new source of oxygen, 
a new cause of animal heat. 

The oxygen set free in the formation of fat is 
given out in combination with carbon or hydro- 
gen ; and whether this carbon and hydrogen pro- 
ceed from the substance that yields the oxygen, or 
fix)m other compounds, still there must have been 
generated by this formation of carbonic acid or 
water as much heat as if an equal weight of car- 
bon or hydrogen had been burned in air or in oxygen 
gas. 

If we suppose that from 2 equivalents of starch 
18 equivalents of oxygen are disengaged, and that 
these 18 equivalents of oxygen combine with 9 
equivalents of carbon, from the bile, for example, 
no one can doubt that, in this case, exactly as much 
beat must be developed, as if these 9 equivalents of 

8* 
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carbon had been directly burned* In this fbrmr 
therefore, the disengagement of heat as a con- 
sequence of the formation of fat would be un- 
deniable; and it could only be considered hy- 
pothetical, on the supposition that carbon and 
oxygen were disengaged from one and the same 
substance, in the proportions to yield carbonic 
acid. 

If, for example, we suppose that from 2 atom^ 
of starch, CstHasQu, the elements of 9 equivalents 
of carbonic acid are separated, there will remain a 
compound containing, for 15 equivalents of carbon, 
20 of hydrogen and 2 of oxygen ; for 

C34H20O90 = CjOig + CisHaoOj. 

Or, if we assume that oxygen is separated from 
starch in the form both of carbonic acid and water, 
then, after subtracting the elements of 6 equiva- 
lents of water and 6 of carbonic acid, there would 
jemain the compound CigH^Os ; for 

Assuming, then, the separation of oxygen in either 
of these forms, it remains to be decided whether the 
carbonic acid and water given off were contained, 
as suchj in the starch, or not. 

If they were ready formed in the starch, the 
separation might occur without the disengagement 
of heat ; but if the carbon and hydrogen were pre- 
sent in any other form in the starch (or in the com- 
pound from which the fat was produced), it is obvious 
that a change in the arrangement of the atoms must 
have occurred, in consequence of which the atoms 
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of the carbon and of the hydrogen have united 
with those of the oxygen, to form carbonic acid and 
water. 

NoWy so far as chemical researches have gone» 

our knowledge of the constitution of starch, and of 

the varieties of sugar, will justify no other conclu« 

fiion than this, that these substances contain no ready 

formed, carbonic acid. 

We are acquainted with a large number of pro-^ 
cesses of metamorphosis of a similar kind, in which 
the elements of carbonic acid and water are sepa- 
rated from certain pre-existing compounds ; and we 
know with certainty that all these processes are 
accompanied by a disengagement of heat, exactly 
as if the carbon and hydrogen combined directly 
with oxygen. 

Such a disengagement of carbonic acid, for ex- 
ample, occurs in all processes of fermentation or 
putrefaction, which are> without exception^ accom- 
panied with a generation of heat. 

In the fermentation of a saccharine solution, in 
consequence of a new arrangement of the elements 
of the sugar, a certain part of its carbon and oxygen 
unite to form carbonic acid, which separates as gas; 
and as another result of this decomposition, we ob- 
tain a volatile combustible liquid, containing little 
oxygen, namely, alcohol. 

If we add to 2 equivalents of sugar the elements 
of 12 equivalents of water, and subtract from the 
sum of the atoms 24 equivalents of oxygen, their re- 
main 6 equivalents of alcohol. 
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(CjhHjkOm + H12O12) — Os4 = CaiH380u= 6 eq. alcohol. 

These 24 equivalents of oxygen suffice to oxidise 
completely a third equivalent of sugar — that is, to 
convert its carbon into carbonic acid and its hydro- 
gen into vsrater, and by this oxidation we recover the 
12 equivalents of water supposed to be added in the 
former part of the process, exactly as if this water 
bad taken no share in it. 

CisHaOtt + Qh = I2CO2 + 12HO. 

According to the ordinary view, 12 equivalents of 
carbonic acid separate from 8 of sugar, yielding 6^ 
of alcohol — that is, exactly the same amount of 
these products as if two-thirds of the sugar had 
yielded oxygen to the remaining third, so as cora^ 
pletely to oxidise its elements. 

CssH^O^e = C^HasO,, + 12C0,.» 

By a comparison of these two methods of repre- 
senting the same change, it will easily be seen that 
the division or splitting of a compound like sugar 
into carbonic acid, on the one hand, and a 
compound containing a little oxygen on the 
other, is in its results perfectly equivalent to 
a separation of oxygen from a certain portion 
of the compound and the oxidation or combus- 
tion of another portion of it at the expense of this 
oxygea. 

It is well known that the temperature of a fer- 
menting liquid rises ; and if we assume that a hogs- 
head of wort, holding 1,200 litres = 2,400 lbs.> 

* For an explanation of the formulse and equations employed, see the- 
Introduction to the Appendix. 
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French weight, contains 16 per cent, of sugar, in 
all 384 lbs., them, during the fermentation of this 
sugar, an amount of beat must be generated equal 
to that which would be produced by the combustion 
of 51 lbs. of carbon. 

This is equal to a quantity of l^eat by which 
every pound of the liquid might be heated by 
297*90; that is, supposing the decomposition of 
the sugar to occur in a period of time too short 
to be measured^ This is well known not to be 
the case ; the fermentation lasts five or six days, 
and each pound of liquid receives the 297*9 de- 
grees of heat during a period of 120 hours. In 
each hour there is, therefore, set free an amount 
of heat capable of raising the temperature of each 
pound of liquid 1*4 degree ; a rise of tempera- 
ture which is very powerfully counteracted by ex-, 
temal cooling and by the vaporization of alcohol 
and water. 

The formation of fat, like other analogous 
phenomena in which oxygen is separated in the 
form of carbonic acid, is consequently accom- 
panied by a disengagement of heat. This change 
supplies to the animal body a certain propor- 
tion of the oxygen indispensable to the vital pro- 
cesses ; and this especially in those cases in 
which the oxygen absorbed by the skin and 
lungs is not suflScient to convert into carbonic 
acid the whole of the carbon adapted for this com- 
biuatbu. 
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,Q ^ggi^caibonf as it cannot be employed 

P^ ^jiofanj organ, is deposited in the cellu- 
»iom * PV ^^^^ ^f tallow or oil. 

^ jar ^^-. period of animal life, when there occurs 

t^i^sDonion between the carbon of the food and 

* ^nied oxygen* the latter being deficient, fat 

«f be ibrnicd. Oxygen separates from existing 

naundSf and this oxygen is given out as carbonic 

vj ^ water. The heat generated in the formation 

rtf these two products contributes to keep up the 

j^per«ture of the body. 

Eveiy pound of carbon which obtains the oxy- 
^0 necessary to convert it into carbonic acid from 
tubstances which thereby pass into fat, must dis- 
edffP ^^ much heat as would raise the tempera- 
jaieof 200 lbs. of water by 70o,— that is, from 32° 

tp 102°. 

Thus, in the formation of fat, the vital force 
possesses a means of counteracting a deficit 
gBcy in the supply of oxygen, and consequently 
IB that of the heat indispensable for the vital 
process. 

Experience teaches us that in poultry, the maxi- 
mum of fat is obtained by tying the feet, and by a 
medium temperature. These animals in such cir- 
camstances may be compared to a plant possessing 
in the highest degree the power of converting all 
fyod into parts of its own structure. The excess 
of the constituents of blood forms flesh and other 
oxganised tissues, while that of starch, sugar, &c., 
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s converted into fat. When animals are fattened 
m food destitute of nitrogen, only certain parts of 
iieir structure increase in size. Thus, in a goose, 
BsLttened in the method above alluded to, the liver 
becomes three or four times larger than in the same 
animal, when well fed with free motion, while we 
cannot say that the organised structure of the liver 
is thereby increased. The liver of a goose fed in 
the ordinary way is firm and elastic ; that of the 
imprisoned animal is soft and spongy. The differ- 
ence consists in a greater or less expansion of its 
cells which are filled with fat. 

In some diseases, the starch, sugar, &c., of the 
food obviously do not undergo the changes which 
suable them to assist in respiration, and consequent- 
ly to be converted into fat* Thus, in diabetes mel- 
litus, the starch is only converted into grape sugar, 
svhich is expelled from the body without further 
change. 

In other diseases, as for example in inflammation 
o( the liver, we find the blood loaded with fat and 
3x1 ; and in the composition of the bile there is 
nothing at all inconsistent with the supposition that 
some of its constituents may be transformed into fat. 

XIX. According to what has been laid down in 
the preceding pages, the substances of which the 
food of man is composed may be divided into two 
classes ; into nitrogenised and non-nitrogenised. The 
former are capable of conversion into blood j the 
Latter incapable of this transformation. 
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Out of those substances which are adapted to 
the formation of blood are formed all the organised 
tissues. The other class of substances, in the nor- 
mal state of healthy serve to support the process of 
respiration. The former may be called the plastic 
elements of nutrition ; the latter, elements <^ respiration. 

Among the former we reckon — 

Vegetable fibrine. 
Vegetable albumen. 
Vegetable caseine. 
Animal flesh. 
Animal blood. 

Among the elements of respiration in our food, 

are — 

Fat Pectine. 

Starch. Bassorine. 

Gum. Wine. 

Cane Sugar. Beer 

Grape Sugar. SpiritSi 
Sugar of milk. 

XX. The most recent and exact researches have 
established as a universal fact, to which nothing yet 
known is opposed, that the nitrogenised constituents 
of vegetable food have a composition identical with 
that of the constituents of the blood. 

No nitrogenised compound, the composition of 
which differs from that of fibrine, albumen, Bnd 
caseine, is capable of supporting the vital process 
in animals. 

The animal organism unquestionably possesses the 
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power of forming, from the constiluenls of its blood, 
the substance of ils membranes and cellular tissue, 
of the nerves and brain, of the organic part of carti- 
lages and bones. But the blood must be supplied 
to it ready formed in every tiling but its form — that 
is, in its chemical composition. If this be not done, 
a period is rapidly put to the formation of blood, 
and consequently to life. 

This consideration enables us easily to explain 
bow it happens that the tissues yielding gelatine w 
choodrine, as, lor example, the gelatine of skin or 
of bones, are not adapted for the support of 
the vital process ; for their composition is different 
from that of fibrine or albumen. It is obvious 
that this means nothing more than that those 
parts of the animal organism which form the 
blood do not possess the power of effecting a trans- 
formation in the arrangement of the elements of 
gelatine, or of those tissues which contain it. 
The gelatinous tissues, the gelatine of the boncBj 
the membranes, the cells, and the skin, suffer, in 
the animal body, under the influence of oxygen 
and moisture, a progressive alteration ; a part 
of these tissues is separated, and must be restored 
from the blood ; but this alteration and restora- 
tion is obviously confined within very narrow 
limits. 

While, in the body of a rtarving or sick individual, 
the fat disappears, and the muscular tissue takes 
once more the form of blood, we find that the tea- 
dons and membranes retain their natural condition ; 
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tbe limbs of the dead body retain their connectionSv 
which depend on the gelatinous tissues. 

On the other hand, we see that the gelatine of 
bones devoured by a dog entirely disappears, while 
only the bone earth is found in his excrements. 
The same is true of man, when fed on food rich 
in gelatine, as, for example, strong soup. The 
gelatine is not to be found either in the urine or 
in the faeces, and consequently must have under- 
gone a change, and must have served some pur- 
pose in the animal economy. It is clear, that the 
gelatine must be expelled from the body in a form 
difierent from that in which it was introduced as 
food. 

When we consider the transformation of the 
albumen of the blood into a part of an organ com- 
posed of fibrine, the identity in composition of the 
two substances renders the change easily conceiva- 
ble. Indeed we find the change of a dissolved sab- 
stance into an insoluble organ of vitality, chemically 
speaking, natural and easily explained, on account 
of this very identity of composition. Hemlb the 
opinion is not unworthy of a closer investigation, 
that gelatine, when taken in the dissolved state, is 
again converted, in the body, into cellular tissue, 
membrane and cartilage ; that it may serve for the 
reproduction of such {tatf of these tissues as have 
been wasted, and for their growth. " 

And when the powers of nulritiol.Jh the whole 

body are aflfected by a change of the health, then, 

should the power of forming blood remain tbe 
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lainef the organic force by which the constituents 
of the blood are transformed into cellular tissue and 
membranes must necessarily be enfeebled by sick- 
ness. In the sick man, the intensity of the vital 
force, its power to produce metamorphoses, must be 
diminished as well in the. stomach as in all other 
parts of the body. In this condition, the uniform 
experience of practical physicians shows that gela- 
tinous matters in a dissolved state exercise a most 
decided influence on the state of the health. Given 
in a form adapted for assimilation, they serve to 
husband the vital force, just as may be done, in the 
case of the stomach, by due preparation of the food 
in general. Brittleness in the bones of graminivo- 
rous animals is clearly owing to a weakness in those 
parts of the organism whose function it is to convert 
the constituents of the blood into cellular tissue and 
membrane ; and if we can trust to the reports of 
physicians who have resided in the East, the Turk- 
ish women, in their diet of rice, and in the frequent 
use of enemata of strong soup, have united the con- 
ditions t^ecessary for the formation both of cellular 
tissue and of fat. 
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1. The absolute identity of composition in the 
chief constitutents of blood and the nitrogenised 
compounds in vegetable food would, some years ago> 
have furnished a plausible reason for denying the 
accuracy of the chemical analysis leading to such a 
result. At that period, experiment had not as yet 
demonstrated the existence of numerous compounds, 
both containing nitrogen and devoid of that element, 
iw ^ h vjrith the greatest diversity in external charac- 
IWs, yet possess the very same composition in 100 
parts ; nay, many of which even contain the same 
absolute amount of equivalents of each element. 
Such examples are now very frequent, and are 
known by the names of isomeric and jtolymeric com- 
pounds. 

2. Cyanuric aciJ, for example, is a nitrogenised 
compound which crystallizes in beautiful transparent 
octahedrons, easily soluble in water and in acids, 
and very permanent. Cyamelide is a second body, 
absolutely insoluble in water and acids, white 
and opaque like porcelain or magnesia. Hydrated 
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. .. -v.-apound, which is a liquid, 
. .ure acetic acid, which blisters 
.iiinot be brought in contact with 
.. Jcing instantaneously resolved into 
--.*. These three substances not only 
.. jinalysisy absolutely the same relative 
, .s of the same elements, but they may be 
... zried and reconverted into one another, even 
.:: hermetically closed vessels — that is, without the 
aid of any foreign matter. (See Appendix, 21.) 
Again, among those substances which contain no 
nitrogen, we have aldehyde, a combustible liquid 
xniscible with water, which boils at the temperature 
of the band, attracts oxygen from the atmosphere 
with avidit}', and is thereby changed into acetic acid. 
This compound cannot be preserved, even in close 
vessels ; for after some hours or days, its consistence, 
its volatility, and its power of absorbing oxygeui 
all are changed. It deposits long, hard, needle- 
shaped crystals, which at 212^ are not volaxilizedf 
and the supernatant liquid is no longer alde- 
hyde. It now boils at 14 0°, cannot be mixed 
with water, and when cooled to a moderate degree 
crystallizes in a form like ice. Nevertheless, 
analysis has proved, that these three bodies, so 
different in their characters, are identical in com- 
position. (21) 

3. A similar group of three occurs in the case of 
iJnien, fibrine, and caseine. They differ in exter- 
character, but contain exactly the same propor- 
® of organic elements. 
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When animal albumen, fibrine, and caseine are 
dissolved in a moderately strong solution of caustic 
potash, and the solution is exposed for some time 
to a high temperature, these substances are decom- 
posed. The addition of acetic acid to the solution 
causes, in all three, the separation of a ^el^nous 
translucent precipitate, which has exactly the same 
characters and composition, from whichever of the 
three substances above mentioned it has been ob- 
tained. 

Mulder, to whom we owe the discovery of this 
compound, found, by exact and careful analysis, 
that it contains the same organic elements, and 
exactly in the same proportion, as the animal 
matters from which it is prepared; insomuch, 
that if we deduct from the analysis of albumen, 
fibrine, and caseine, the ashes they yield when 
incinerated, as well as the sulphur and phospho- 
rus they contain, and then calculate the remainder 
for 100 parts, we obtain the same result as in 
the analysis of the precipitate above described, 
prepared by potash, which is free from inorganic 
matter. (22) 

Viewed in this light, the chief constituents of the 
blood and the caseine of milk may be regarded as 
compounds of phosphates and other salts, and of 
sulphur and phosphorus, with a compound of car- 
bon, nitrogen, hydrogen, and oxygen, in which the 
relative proportion of these elements is invariable; 
aud this coppound may be considered as the comr 
mencement and starting-point of all other animal 
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tissues, because these are all produced from the 
blood. 

These consideratious induced Mulder to give to 
this product of the decomposition of albumen, &c. 
by potash, the name of protdne (from •'gwra^, "I 
take the first rank.") The blood, or the constitu- 
ents of the blood, are consequently compounds of 
this protcine with variable proportions of inorganic 
substances. 

Mulder, further ascertained, that the insoluble 
nitrogenised constituent of wheat flour (vegetable 
fibrine,) when treated with potash, yields the very 
same product, proteine ; and it has recently been 
proved that vegetable albumen and caseine are 
acted on by potash precisely as animal albumen 
and caseine are. 

4. As far, therefore, as our researches have 
gone, it may be laid down as a law, found- 
ed on experience, that vegetables produce, in 
their organism, compounds of proteine; and that 
,out of these compounds of proteine the various tis- 
sues and parts of the animal body are developed 
by the vital force, with the aid of the oxygen 
of the atmosphere and of the elements of Water.* 

• Thp experiment of Tiedcmn nil and Gmelin, who found it impostible 
to guatain the life of geese by means of boiled white of egg, may be easi- 
ly explained, when we reflect that a graminivorous animal, especially 
when deprived of free motion, cannot obtain, from the IranafomMitiMi 
or waste of the tissues alone, enough of carbon for the respiratory 
process. 2 lbs. of albumen contain only 3i oz. of carbon, of which, 
among the last products of transformation, a fourth part is given off in 
the form of arte acid. 
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Now, although it cannot be demonstrated that 
proteine exists ready formed in these vegetable 
SDd animal pnxlucts, and although the difference 
in their properties seems to indicate that their 
elements are not arranged in the same manneri 
yet the hypothesis of the pre-existence of pro- 
teine, as- a point of departure in developing and 
compariag their properties, is exceedingly con- 
venient. At all events, it is certain that the 
elements of these compounds assume the same 
arrangement when acted on by potash at a high 
temperature. 

All the organic nitrogenised constituents of the 
body, how different soever they may be in composi- 
tion, are derived from proteine. They are formed 
from it, by the addition or subtraction of the ele- 
ments of water or of oxygen, and by resolution 
into two or more compounds. 

6. This proposition must be received as an un- 
deniable truth, when we reflect on the develop- 
ment of the young animal in the egg of a fowl. 
The egg can be shown to contain no other nitro- 
genised compound except albumen. The albu- 
men of the yolk is identical with that of the 
white ; (23) the yolk contains, besides, only a yel- 
low fat, in which cholesterine and iron may be 
detected. Yet we see, in the process of incuba- 
tion, during which no food and no foreign matter, 
except the oxygen of the air, is introduced, or can 
take part in the development of the animal, that 
out of the albumen, feathers, claws, globules of 
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the blood, fibrine, membrane and cellular tissuCi 
arteries and veins, are produced. The fat of 
the yolk may have contributed, to a certain ex- 
tent, to the formation of the nerves and brain; 
but the carbon of this fat cannot have been em- 
ployed to produce the organised tissues in which 
vitality resides, because the albumen of the white 
and of the yolk already contains, for the quan- 
tity of nitrogen present, exactly the proportion 
of carbon required for the formation of these 
tissues. 

6. The true starting-point for all the tissues iS| 
consequently, albumen ; all nitrogenised articles of 
food, whether derived from the animal or from the 
vegetable kingdom, are converted into albumen 
before they can take part in the process of nutri- 
tion. 

All the food consumed by an animal becomes in 
the stomach soluble, and capable of entering into 
the circulation. In the process by which this solu- 
tion is effected, only one fluid, besides the oxygen 
of the air, takes a part ; it is that which is secreted 
by the lining membrane of the stomach. 

The most decisive experiments of physiologists 
have shown that the process of chymification is 
independent of the vital force ; that it takes place 
in virtue of a purely chemical action, exactly simi- 
lar to those processes of decomposition or transfor- 
mation which are known as putrefaction, fermenta- 
tion, or decay (eremacausis). 

7. When expressed in the simplest form, fijT- 
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mentation^ or putrefaction, may be described as a 
process of transformation — that is, a new arrange- 
ment of the elementary particles, or atoms, of a 
compound, yielding two or more new groups or 
compounds, and caused by contact with other sub- 
stances, the elementary particles of which are them- 
selves in a state of transformation or decomposition. 
It is a communication, or an imparting of a state of 
motion, which the atoms of a body in a state of 
motion are capable of producing in other bodies, 
whose elementary particles are held together only 
by a feeble attraction. 

8. Thus the clear gastric juice contains a sub- 
stance in a state of transformation, by the con- 
tact of which with those constituents of the food 
which, by themselves, are insoluble in water, the 
latter acquire, in virtue of a new grouping of 
their atoms, the property of dissolving in that 
fluid. During digestion, the gastric juice, when 
separated, is found to contain a free mineral 
acid, the presence of which checks all further 
change. That the food is rendered soluble quite 
independently of the vitality of the digestive 
organs has been proved by a number of the most 
beautiful experiments. Food, enclosed in per- 
forated metallic tubes, so that it could not come 
into contact with the stomach, was found to dis- 
appear as rapidly, and to be as perfectly di- 
gested, as if the covering had been absent ; and 
fresh gastric juice, out of the body, when boiled 
white of egg, or muscular fibre, were kept in 

10 
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contact with it for a time at the temperature of 
the body, caused these substances to lose the solid 
form and to dissolve in the liquid. 

9. It can hardly be doubted that the substance 
which is present in the gastric juice in a state of 
change is a product of the transformation of the 
stomach itself. No substances possess, in so high 
a degree as those arising from the progressive de- 
composition of the tissues containing gelatine or 
chondrine, the property of exciting a change in 
the arrangement of the elements of other com- 
pounds. When the lining membrane of the 
stomach of any animal, as, for example, that of 
the calf, is cleaned by continued washing with 
water, it produces no effect whatever, if brought 
into contact with a solution of sugar, with milk, 
or other substances. But if the same membrane 
be exposed for some time to the air, or dried, and 
then placed in contact with such substances, the 
sugar is changed, according to the state of decom- 
position of the animal matter, either into lactic 
acid, into mannite and mucilage, or into alcohol 
and carbonic acid ; while milk is instantly coagu- 
lated. An ordinary animal bladder retains, when 
dry, all its properties unchanged ; but when ex- 
posed to air and moisture, it undergoes a change 
not indicated by any obvious external signs. If, in 
this state, it be placed in a solution of sugar of 
milk, that substance is quickly changed into lactic 
acid. 

It). The fresh lining membrane of the stomach of 
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a calf, digested with weak muriatic acid, gives to 
this fluid no power of dissolving boiled flesh or co- 
agulated white of egg. But if previously allowed 
to dry, or if left for a time in water, it then yields, 
to water acidulated with muriatic acid, a substance 
in minute quantity, the decomposition of which is 
already commenced, and is completed -in the solu- 
tion. If coagulated albumen be placed in this 
solution, the state of decomposition is communi- 
cated to it, first at the edges, which become trans- 
lucent, pass into a mucilage, and finally dissolve. 
The same change gradually affects the whole 
mass, and at last it is entirely dissolved, with the 
exception of fatty particles, which render the solu- 
tion turbid. Oxygen is conveyed to every part 
of 'the body by theH arterial blood ; moisture is 
every where present ; and thus we have united the 
chief conditions of all transformations in the ani- 
mal body. 

• Thus, as in the germination of seeds, the presence 
of a body in a state of decomposition or transforma- 
tion, which has been called diastase, effects the solu- 
tion of the starch — ^that is, its conversion into sugar ; 
so, a product of the metamorphosis of the substance 
of the stomach, being itself in a state of metamor- 
phosis which is completed in the stomach, effects 
the dissolution of all such parts of the food as are 
capable of assuming a soluble form. In certain 
diseases, there are produced from the starch, sugar, 
&c., of the food, lactic acid and mucilage. (24) 
These are the very same products which we can 
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produce out of sugar by means of membrane in a 
state of decomposition out of the body ; but in a 
normal state of health, no lactic acid is formed in 
the stomach. 

11. The property possessed by many substanceSi 
such as starch and the varieties of sugar, by contact 
with animal substances in a state of decomposition, 
to pass into lactic acid, has induced physiologists, 
without further inquiry, to assume the fact of the 
production of lactic acid during digestion ; and the 
power which this acid has of dissolving phosphate of 
lime has led them to ascribe to it the character of a 
general solvent. But neither Prout nor Braconnet 
could detect lactic acid in the gastric juice ; and even 
Lehmann (see his *' Lehrbuch der Physiologischen 
Chemie," torn. i. p. 285) obtained from the gastric 
juice of a cat only microscopic crystals, which he 
took for lactate of zinc, although their chemical 
character could not be ascertained. The presence 
of free muriatic acid in the gastric juice, first ob- 
served by Prout, has been confirmed by all those 
chemists who have examined that fluid since. This 
muriatic acid is obviously derived from common salt, 
the soda of which plays a very decided part in the 
conversion of fibrine and caseine into blood. 

Muriatic acid yields to no other acid in the power 
of dissolving bone earth, and even acetic acid, in this 
respect, is equal to lactic acid. There is conse- 
quently no proof of the necessity of lactic acid in 
the digestive process ; and we know with Certainty, 
that in artificial digestion it is not formed. Berse- 
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fiua indeed has found lactic acid in the blood 
and flesh of animals ; but when his experiments 
were made, chemists were ignorant of the ex- 
traordinary facility and rapidity with which this 
acid is formed from a number of substances con- 
taining its elements, when in contact with animal 
matter. 

In the gastric juice of a dog, Braconnet found, 
along with free muriatic acid, distinct traces of a 
salt of iron, which he at first held to be an acciden- 
tal admixture. But in the gastric juice of a second 
dog, collected with the utmost care, the iron was 
again found. (Ann. de Cb. et de Ph. lix. p. 249.) 
This occurrence of iron is full of significance in re- 
gard to the formation of the blood. 
■ 12. In the action of the gastric juice on the food, 
no other element takes a share, except the oxygen 
of the atmosphere and the elements of water. 
This oxygen is introduced directly into the stomach. 
During the mastication of the food, there is secreted 
into the mouth from organs specially destined to 
this function, a fluid, the saliva, which possesses the 
remarkable property of enclosing air in the shape of 
froth, in a far higher degree than even soap-suds. 
This air, by means of the saliva, reaches the sto- 
mach with the food, and there its oxygen enters into 
combination, while its nitrogen is given out through 
the skin and lungs. The longer digestion conti- 
nues, that is, the greater resistance offered to the sol- 
vent action by the food, the more saliva, and conse- 
quently the more air enters the stomach. Rumina- 

10* 
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tioDy in certain graminivorous aoimalsy bas plainly 
for one object a renewed and repeated introduction 
of oxygen ; for a more minute mechanical division 
of the food only shortens the time required for solu- 
tion. 

The unequal quantities of air which reach the 
stomach with the saliva in different classes of ani- 
mals explain the accurate observations made by 
physiologists, who have established beyond all doubt 
the fact, that animals give out pure nitrogen through 
the skin and lungs, in variable quantity. This fact 
is so much the more important, as it furnishes the 
most decisive proof, that the nitrogen of the air is 
appUed to no use in the animal economy. 

The fact that nitrogen is given out by the skin 
and lungs, is explained by the property which ani- 
mal membranes possess of allowing all gases to per- 
meate them, a property which can be shown to exist 
by the most simple experiments. A bladder, filled 
with carbonic acid, nitrogen, or hydrogen gas, if 
tightly closed and suspended in the air, loses in 24 
hours the whole of the enclosed gas; by a kind of 
exchange, it passes outwards into the atmosphere, 
while its place is occupied by atmospherical air. A 
portion of intestine, a stomach, or a piece of skin 
or membrane, acts precisely as the bladder, if filled 
with any gas. This permeability to gases is a me- 
chanical property, common to all animal tissues ; 
and it is found in the same degree in the living as 
in the dead tissue. 

It is known that in cases of wounds of the lungs 
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a peculiar condition is produced, in which, by the 
act of inspiration, not only oxygen but atmospheri- 
cal air, with its whole amount (fths) of nitrogen, 
penetrates into the cells of the lungs. This air is 
carried by the circulation to every part of the body, 
80 that every part is inflated or pu3ed up with the 
air, as with water in dropsy. This state ceases, 
without pain, as soon as the entrance of the air 
through the wound is stopped. There can be no 
doubt that the oxygen of the air, thus accumu- 
lated in the cellular tissue, enters into combination, 
while its nitrogen is expired through the skin and 
lungs. 

Moreover, it is well known that in many gramini- 
vorous animals, when the digestive organs have been 
overloaded with fresh juicy vegetables, these sub- 
stances undergo in the stomach the same de- 
composition as they would at the same temper- 
ature out of the body. They pass into fermen- 
tadon and putrefaction, whereby so great a quan- 
tity of carbonic acid gas and of inflammable gas 
is generated, that these organs are enormously dis- 
tended* sometimes even to bursting. From the 
structure of their stomach or stomachs, these gases 
cannot escape through the oesophagus ; but in 
the course of a few hours, the distended body 
of the animal becomes less swoln, and at the end 
of twenty-four hours no trace of the gases is 
left. (26) 

Finally, if we consider the fatal accidents which 
so frequently occur in wine countries from the 
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drinking of what is called feather-white wine {der 
federwdsse Wein), we can no longer doubt that gases 
of every kind, whether soluble or insoluble in water, 
possess the property of permeating animal tissues, 
as water penetrates unsized paper. This poison- 
ous wine is wine still in a state of fermentation, 
which is increased by the heat of the stomach. 
The carbonic acid gas which is disengaged pene- 
trates through the parietes of the stomach, through 
the diaphragm, and through all the intervening 
membranes, into the air-cells of the lungs, out 
of which it displaces the atmospherical air. The 
patient dies with all the symptoms of asphyxia 
caused by an irrespirable gas ; and the surest 
proof of the presence of the carbonic acid in 
the lungs is the fact, that the inhalation of am- 
monia (which combines with it) is recognized 
as the best antidote against this kind of poison- 
ing. 

The carbonic acid of effervescing wines and of 
soda-water, when taken into the stomach, or of 
water saturated with this gas, administered in the 
form of enema, is given out again through the 
skin and lungs ; and this is equally true of the 
nitrogen which is introduced into the stomach with 
the food in the saliva. 

No doubt a part of these gases may enter the ve- 
nous circulation through the absorbent and lymphatic 
vessels, and thus reach the lungs, where they are 
exhaled ; but the presence of membranes o&rs not 
the slightest obstacle to their passing directly into 
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the cavity of the chest. It is, in fact, diiEcult to 
suppose that the absorbents and lymphatics have 
any peculiar tendency to absorb air, nitrogen or 
hydrogen, and convey these gases into the circu- 
lation, since the intestines, the stomach, and all 
spaces in the body not filled with solid or liquid 
matters, contain gases, which only quit their posi- 
tion when their volume exceeds a certain point, 
and which, consequently, are not absorbed. More 
especially in reference to nitrogen, we must sup- 
pose that it is removed from the stomach by some 
more direct means, and not by the blood, which 
fluid must already, in passing through the lungs, 
have become saturated with that gas, that is, must 
have absorbed a quantity of it, proportioned to 
its solvent power, like any other liquid. By the 
respiratory motions all the gases which fill the 
otherwise empty spaces of the body are urged 
towards the chest; for by the motion of the di- 
aphragm and the expansion of the chest a par- 
tial vacuum is produced, in consequence of which 
air is forced into the chest from all sides by the at- 
mospheric pressure. The equilibrum is, no doubt, 
restored, for the most part, through the windpipe, 
but all the gases in the body must nevertheless, 
receive an impulse towards the chest. In birds and 
tortoises these arrangements are reversed. If we 
assume that a man introduces into the stomach in 
each minute only ^th of a cubic inch of air with the 
saliva, this makes in eighteen hours 136 cubic inches ; 
and if ith be deducted as oxygen, there will still 
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remain 108 cubic inches of nitrogen, which oc- 
cupy the space of 3 lbs. of water. Now whatever 
may be the actual amount of the nitrogen thus 
swallowed, it is certain that the whole of it is 
given out again by the mouth, nose, and skin ; and 
when we consider the very large quantity of nitro- 
gen found in the intestines of executed criminals by 
Magendie, as well as the entire absence of oxygen 
in these organs (26), we must assume that air, and 
consequently nitrogen, enters the stomach by resorp- 
tion through the skin, and is afterwards exhaled by 
the lungs. 

When animals are made to respire in gases con- 
taining no nitrogen, more of that gas is exhaled, 
because in this case the nitrogen within the body 
acts towards the external space as if the latter were 
a vacuum. (See Graham, " On the Diffusion of 
Gases.") 

The differences in the amount of expired nitrogen 
in different classes of animals are thus easily ex- 
plained ; theherbivora swallow with the saliva more 
air than the carnivora ; they expire more nitrogen 
than the latter, — ^less when fasting than immediately 
after taking food. 

13. In the same way as muscular fibre, when 
separated from the body, communicates the state of 
decomposition existing in its elements to the per- 
oxide of hydrogen, so a certain product, arising by 
means of the vital process, and in consequence of the 
transposition of the elements of parts of the sto- 
mach and of the other digestive organs, while its own 
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metamorphosis is accoraplished in the stomach, acts 
on the food. The insoluble matters become soluble 
— ^tbey are digested. 

It is certainly remarkable, that hard-boiled white 
of egg or fibrine, when rendered soluble by certain 
liquids, by organic acids, or weak alkaline solutions, 
retain all their properties except the solid form 
(cohesion) without the slightest change. Their ele- 
mentary molecules, without doubt, assume a new 
arrangement ; they do not, however, separate into 
two or more groups, but remain united together. 

The very same thing occurs in the digestive 
process; in the normal state, the food only un- 
dergoes a change in its state of cohesion, be- 
coming fluid without any other change of pro- 
perties. 

The greatest obstacle to forming a clear concep- 
tion of the nature of the digestive process, which is 
here reckoned among those chemical matamorphoses 
which have been called fermentation and putrefac- 
tion, consists in our involuntary recollection of the 
phenomena which accompany the fermentation of 
sugar and of animal substances (putrefaction), which 
phenomena we naturally associate with any similar 
change ; but there are numberless cases in which a 
complete chemical metamorphosis of the elements 
of a compound occurs without the smallest disen- 
gagement of gas, and it is chiefly these which must 
be borne in mind, if we would acquire a clear and 
Accurate idea of the chemical notion or conception of 
the digestive process. y . i,> v 
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All substances which can arrest the phenomena 
of fermentation and ptotrefaction in liquids, also ar- 
rest digestion when taken into the stomach. The 
action of the empyreumatic matters in cofiee and 
tobacco-smoke, of creosote, of mercurials, &c. &c., 
is on this account worthy of peculiar attention with 
reference to dietetics. 

The identity in composition of the chief consti- 
tuents of blood and of the nitrogenised constituents 
of vegetable food has certainly furnished, in an un- 
expected manner, an explanation of the fact that 
putrefying blood, white of egg, flesh, and cheese 
produce the same effects in a solution of sugar as 
yeast or ferment ; that sugar, in contact with these 
substances, according to the particular stage of de- 
composition in which the putrefying matters may 
be, yields, at one time, alcohol and carbonic acid; 
at another, lactic acid, mannite, and mucilage. 
The explanation is simply this, that ferment, or 
yeast, is nothing but vegetable fibrine, albumen, or 
caseine in a state of decomposition, these substan- 
ces having the same composition with the constitu- 
ents of flesh, blood, or cheese. The putrefaction of 
these animal matters is a process identical with 
the metamorphosis of the vegetable matters iden- 
• tical with them ; it is a separation or splitting up 
into new and less complex compounds. And if 
we consider the transformation of the elements of 
the animal body (the waste of matter in animals) 
as a chemical process which goes on under the in*- 
fluence of the vital force, then the putrefaction of 
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aoimal matters out of the body is a division into 
simpler compounds, in which the vital force takes 
no share. The action in both cases is the same, 
OTily the products differ. The practice of medi- 
cine has furnished the most beautiful and inter- 
esting observations on the action of empyreu- 
matic substances, such as wood, vinegar, cre- 
osote, '&c., on malignant wounds and ulcers. 
In such morbid phenomena two actions are going 
on together; one metamorphosis, which strives 
to complete itself under the influence of the vital 
force, and another, independent of that force. 
The latter is a chemical process, which is entire- 
ly suppressed or arrested by empyreumatic sub- 
stances; and this effect is precisely opposed to 
the poisonous influence exercised on the organism 
by putrefying blood when introduced into a fresh 
wound. 

14. The formula C HgeNeOw* is that which most 
accurately expresses the composition of proteine, 
or the relative proportions of the organic elements 
in the blood, as ascertained by analysis. Albu- 
men, fibrine, and caseine contain proteine; ca- 
seine contains, besides, sulphur, but no phospho- 
rus ; albumen and fibrine contain both these sub- 
stances chemically combined — ^the former more sul- 
phur than the latter. We cannot directly ascertain 
in what form the phosphorus exists, but we have 
decided proof that the sulphur cannot be in the 

* For the method of converting this and other formulse into proportions 
peroent. tee Appendix. 
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aoadised state. All these substances, 'when heat- 
ed with a moderately strong solution of potash, 
yield the sulphur which we find in the solution 
as gulphuret of potassium ; and on the addition 
of an acid it is given ofl' as sulphureUed hydro- 
gen. When pure fibrine or ordiiiary albumen 
is dissolved in a weak solution of potash, and 
acetate of lead is added to the solution, in such 
proportion that the whole of the oxide of lead 
remains dissolved in the potash, the mixture, if 
heated to the boiling point, becomes black like ink, 
and sulphuret of lead is deposited as a fine black 
powder. 

It is extremely probable, that by the action of 
the alkali the sulphur is removed as sulphuretted 
hydrogen, the phosphorus as phosphoric or phos- 
phorus acid. Since, in this case, sulphur and phos- 
phorus are eliminated on the one hand, and oxj-gen 
smd hydrogen on the other, it might be concluded 
that fibrine and albumen, when analysed with tlieir 
sulphur and phosphorus, would yield a larger pro- 
portion of oxygen and hydrogen than is found m 
proteine. But this cannot be shown in the analysiej 
for fibrine, for example, has been found to contain 
0-36 per cent, of sulphur. Assuming, then, that 
this sulphur is eliminated by the alkah in combina- 
tion with hydrogen, proteine would yield 0-0225 
per cent, leas hydrogen than fibrine ; instead of the 
mean amount of 7-062 per cent, of hydrogen, the 
proteine should yield 7-04 percent. In like man- 
ner, by the elimination of the phosphorus ia COJH 
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nation with oxygen, the amount of oxygen in fibrine 
would be reduced from 22*715 — 22*00 per cent, to 
22'5 — 21*8 per cent, in proteine. But the limits of 
error in our analyses are, on an average, beyond 
iSth per cent, in the hydrogen, and beyond i^oths 
percent, in the oxygen ; while in the supposed case 
the diflference in the hydrogen would not be greater 
than hth per cent. 

Finally, if we reflect, that the elimination of 
oxygen and hydrogen with the sulphur and phos- 
phorus does not exclude the addition of the ele- 
ments of water, and if we assume that fibrine 
and albumen, in passing into proteine, do com- 
bine with a certain quantity of water, an occur- 
rence which is highly probable, we shall see 
that there is no probability that the ultimatf 
analysis of these compounds shall ever enabli 
us to decide such questions, or to fix the chemi-* 
cal view of the relation of proteine to albu- 
men, fibrine, or caseine, farther than has been done 
above. 

Some have endeavored to prove the existence of 
unoxidised phosphorus in albumen and fibrine from 
the formation of sulphuret of potassium when they 
are acted on by potash, supposing the oxygen of the 
potash to have formed phosphoric acid with the 
phosphorus ; but caseine, which contains no phos- 
phorus, yields sulphuret of potassium, just like the 
other substances; and here its formation cannot be 
accounted for, unless we admit the previous pro- 
duction of sulphuretted hydrogen. In the mere 
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boiling of flesh, for the purpose of making soBp^ 
sulphuretted hydrogen, as Cbevreol has shown, is 
disengaged. 

Moreover, the proportion of sulphur, for the same 
amount of phosphorus, is not the same in fibrine 
and albumen, from which no other conclusion can 
be drawn, but that the formation of snlphuret of 
potassium has no relation to the presence of phos- 
phorus. Sulphuret of potassium is formed from 
caseine, ■which is not supposed to contain any un- 
combined phosphorus; and it is formed, also, from 
albumen, which contains only half as much pho»- 
pborus as fibrine. 

Every attempt to give the true absolute 
amount of the atoms in fibrine and albumen in 
a. rational formula, in which the sulphur and phos- 
phorus are taken, not in fractions, but in entire 
equivalents, must be fruitless, because we are ab- 
solutely unable to determine with perfect accuracy 
the excoediugly minute quantities of sulphur and 
phosphorus in such compounds ; and because a 
variation in the sulphur or phosphorus, smaller 
in extent than the usual limit of errors of observa- 
tion, will affect the number of atoms of carbon, 
hydrogen, or oxygen to the extent of 10 atoms or 

We must be careful not to deceive ourselves in 
our expectations of what chemical analysis can do. 
We know, with certainty, that the numbers repre- 
senting the relative proportions of the organic ele- 
ments are the same in albumen and tibrine, •■ 
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hence we conclude that they have the same com- 
position. This conclusion is not affected by the 
fact, that we do not know the absolute number of 
the atoms of their elements, which have united to 
form the compound atom. 

15. A formula for proteine is nothing more 
than the nearest and most exact expression in 
equivalents, of the result of the best analyses ; it is 
a fact established so far, free from doubt, and this 
alone is, for the present, valuable to us. 

If we reflect, that from the albumen and fibriof 
of the body all the other tissues are derived, iine 
perfectly clear, that this can only occujx)nia 
two ways. Either certain elements have ^ 
added to, or removed from, their constit ihe 
parts. '*^ 

If we now, for example, look for an analytical 
expression of the composition of cellular tissue, of 
the tissues yielding gelatine, or tendons, of hair, of 
horn, &c., in which the number of atoms of carbon 
is made invariably the same as in albumen and 
fibrine, we can then see at the first glance, in what 
way the proportion of the other elements has been 
altered ; but this includes all that physiology re- 
quires in order to obtain an insight into the true 
nature of the formative and nutritive processes in 
the animal body. 

From the researches of Mulder and Scherer we 
obtain the following empirical formulae. 

11» 
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Composition of organic tissues. 

Albumen C^NsHssOm + P + »• 

Fibrine C^NeHseOu +P + 2S 

Cafieine C^s^eUxOu + S 

Gelatinous tissues, tendons . C4gN7-5H4iOu 

Cbondrine C48NeH4«Oao 

Hair, born C48N7H380n 

Arterial membrane C48N6H880]s 

The composition of these formulae shows, that 
^hen proteine passes into cbondrine (the substance 
ct the cartilages of the ribs), the elements of water, 
albb oxygen, have been added to it ; while in the 
phoiation of the serous membranes, nitrogen also 

E^sntered into combination, 
amo we represent the formula of proteine, C^gNe 
a .sOi4 by Pr, then nitrogen, hydrogen, and oxygen 
tiave been added to it in the form of known com- 
pounds, and in the following proportions, in form- 
ing the gelatinous tissues, hair, horn, arterial mem- 
brane, &c. 

Proteine. Ammonia. Water. Oxygen; 
Fibrine, Albumen . Pr 

Arterial membrane . Pr + 2H0. 

Cbondrine Pr + 4H0. + 20. 

Hair, horn Pr + NHg + 30. 

Gelatinous tissues . 2Pr + 3NHg + HO. + 70. 

17. From this general statement it appears that 
aH the tissues of the body contain, for the same 

* The quantities of sulphur and phosphorus here expressed by S and 
P are not equivalents, but only giro the relative proportions of these two 
elements to each other, as found by analysis. 
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amount of carbon, more oxygen than the constituents 
of blood. During their formalion, oxygen, either 
from the atmosphere or from the elements of water, 
has been added to the elements of proteine. In hair 
and gelatinous membrane we observe, further, an ex- 
cess of nitrogen and hydrogen, and that in the pro- 
portions to form ammonia. 

Chemists are not yet agreed on the question, in 
what manner the elements of sulphate of potash are 
arranged ; it would tlierefore be going too far, were 
they to pronounce arterial membrane a hydrate of 
proteine, chondrine a hydrated oxide of proteine 
and hair and membranes compounds of ammonia 
with oxides of proteine. 

The above furmulte express with precision the 
differences of composition in the chief constituents 
of the animal body; they show, that for the same 
amount of carbon the proportion of the other ele- 
ments varies, and bow much more oxygen or nitro- 
gen one compound contains than another. 

18, By means of these formulae we can trace 
the production of the diflerent compounds from 
the constituents of blood ; but the explanation of 
their production may take two forms, and we 
have lo decide whicli of these comes nearest to the 
truth. 

For the same amount of carbon, membranes and 
the tissues which yield gelatine contain more nitro- 
gen, oxygen, and hydrogen than proteine. It is 
conceivable that they are formed from albumen by 
the addition of oxygen, of the elements of water, 
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and of those of ammonia, accompanied by the sepa- 
ration of sulphur and phosphorus; ai all events, their 
composition is entirely difierentfrom that of the chief 
constituents of blood. 

The action of caustic alkalies on the tissues yield- 
ing gelatine shows distinctly that they no longer con- 
tain proteine; that substance cannot in any way be 
obtained from them ; and all the products formed by 
the action of alkalies on them differ entirely from 
those produced by the compounds of proteine in the 
same circumstances. Whether proteine exist, ready 
formed, in fibrine, albumen, and caseine, or not, it 
is certain that their elements, under the influence of 
the alkali, arrange themselves so as to form pro- 
teine ; but this property is wanting in the elements 
of the tissues which yield gelatine. 

The other, and perhaps the more probable expla- 
nation of the production of these tissues from pro- 
teine, is that which makes it dependent on a sepa- 
ration of carbon, 

If we assume the nitrogen of proteine to remain 
entire in the gelatinous tissue, then the composi- 
tion of the latter calculated on 6 equivalents of 
nitrogen, would be represented by the formula, 
C„N,H3,0„. This formula approaches most closely 
to the analysis of Scherer, although it is not an exact 
expression of his results. A formula corresponding 
more perfectly to the analyses, is C^jNaHnOu ; or cal- 
culated according to Mulder's analysis, CaN3u*3»-* 



* Tbe IbrmulaCigNaHiijOsi, adopted by Mulder, give 
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According to the first formula, carbon and hydro- 
gen have been separated ; according to the two 
last, a certain proportion of all the elements has 
been removed. 

19. We must admit, as the most important re- 
sult of the study of the composition of gelatinous 
tissue, and as a point undeniably established, that, 
although formed from compounds of proteine, it no 
longer belongs to the series of the compounds of 
proteine. Its chemical characters and composition 
justify this conclusion. 

Ho fact is as yet opposed to the law, deduced 
from observation, that nature has exclusively des- 
tined compounds of proteine for the production of 
blood. 

No substance analogous to the tissues yielding 
gelatine is found in vegetables. The gelatinous 
substance is not a compound of proteine ; it con- 
tains no sulphur, no phosphorus, and it Mntains 
more nitrogen or less carbon than proteibs^ The 
compounds of proteine, under the influence of the 
vital energy of the organs which form the blood, 
assume a new form, but are not altered in com- 
position ; while these organs, as far as our ex- 
perience reaches, do not possess the power of 
producing compounds of proteine, by virtue of any 
influence, out of substances which contain no pro- 
teine. Animals which are fed exclusively with 

to 100 portly too little nitrogen to be considered an exact expression of 
lui aoaljvet. 
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gelatine, the most highly nitrogenised element "I 
the foot! of carnivora, died with the symptonw of 
starvation; in short, the gelatinous tissues are 
capable of conversion into blood. 

But there is no doubt that these tissties ire 
formed from the constituents of the blood ; and 
we can hardly avoid entertaining the supposi- 
tion, that the fibrine of venous blood, in becoming 
arterial fibrine, passes through the first stage of 
conversion into gelatinous tissue. We cannot, 
with much probability, ascribe to membranes and 
tendons the power of forming themselves out of 
matters brought by the blood ; for how could any 
matter become a portion of cellular tissue, for 
ample, by virtue of a force which has as yet no 
organ ? An already existing cell may possess the 
power of reproducing or of multiplying itself, but 
in both cases the presence of a substance identical 
in coMosition with cellular tissue is essential. 
Such\j^tters are formed in the organism, and 
nothing can be better titled for their production than 
the substance of the cells and membranes which 
exist in animal food, and become soluble in the 
stomach during digestion, or which are taken bj 
man in a soluble form. 

20. In the following pages I offer to the reader 
an attempt to develop analytically the principal 
metamorphoses which occur in the animal body; 
and, to preclude all misapprehension, I do this with 
a distinct protest against all conclusions and deduc- 
tions which may now or at any subsequent period be 
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derived from it in opposition to the views developed 
in the preceding part of this work, with which it 
has no manner of connection. The results here to 
be described have surprised me no less than they 
will others, and have excited in my mind the same 
doubts as others will conceive ; but they are not the 
creations of fancy, and I give them because I en- 
tertain the deep conviction that the method which 
has led to them is the only one by which we can 
hope to acquire insight into the nature of the organic 
processes. 

The numberless qualitative investigations of ani- 
mal matters which are made are equally worthless 
for physiology and for chemistry, so long as they are 
not instituted with a well-defined object, or to sm- 
swer a question clearly put. 

If we take the letters of a sentence which we 
wish to decipher, and place them in a line, we ad- 
vance not a step towards the discovery 0$ their 
meaning. To resolve an enigma, we must^g^e a 
perfectly clear conception of the problem. There 
are many ways to the highest pinnacle of a moun- 
tain ; but those only can hope to reach it who keep 
the summit constantly in view. All our labour 
and all our eflforts, if we strive to attain it through 
a morass, only serve to cover us more completely 
with mud ; our progress is impeded by difficulties 
of our own creation, and at last even the great- 
est strength must give way when so absurdly 
wasted. 

21. If it be true that all parts of the body are 
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formed and developed from the blood or the con- 
itituenls of the blood, that the existing organs at 
every moment of life are transformed into new com- 
pounds under the influence of the oxygen introduced 
in the blood, then the animal secretions must of 
necessity contain the products of the metamorphosis 
of the tissues. 

22. If it be further true, that the urine contains 
those products of metamorphosis which contain 
the most nitrogen, and the bile those which are 
richest in carbon, from all the tissues which in the 
vital process have been transformed into unorgan- 
ised compounds, it is clear that the elements of the 
bile and of the urine, added together, must be equal, 
in the relative proportion of these elements to the 
composition of the blood. 

23. The organs are formed from the blood, and 
contain the elements of the blood ; they become 
transformed into new compounds, with the addition 
only^^xygen and of water. Hence the relative 
proportion of carbon and nitrogen must be the same 
as in the blood. 

If then we subtract from the composition of 
blood the elements of the urine, then the re- 
mainder, deducting the oxygen and water which 
have been added, must give the compositioa of tbe 
bile. 

Or if from the elements of the blood, we subtract 
the elements of the bite, the remainder must give 
the composition of urate of ammonia, or of urea 
ud carbonic acid. ^^, 
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It will surely appear remarkable that this m 
aer of viewing the subject has led to the 
formula of bile, or, to speak more accurate! 
to the most correct empirical expression of its 
composition; and has furnished the key to its 
metamorphoses, under the influence of acids and 
alkalies, which had previously been sought for 
in vain. 

24. When fresh drawn blood is made to trickle 
over a plate of silver, heated to 140^, it dries to a 
red, varnish-like matter, easily reduced to powder. 
Muscular flesh, free from fat, if dried first in 
a gentle heat, and then at 212^, yields a brown, 
pulverizable mass. 

The analyses of Playfair and Boeckmann (28) 
g^ve for flesh (fibrine, albumen, cellular tissue, and 
nerves) and for blood, as the most exact expression 
of their numerical results, one and the same formu- 
la, namely, C43N6H390i5. This may be called the 
empirical formula of blood. 

26. The chief constituent of bile, according to 
the researches of Demar9ay, is a compound, 
analogous to soaps, of soda with a peculiar sub- 
stance, which has been named choleic acid. This 
acid is obtained in combination with oxide of 1^*'*'', 
when bile, purified by means of alcohol from all 
matters ipsoluble in that menstruum, is mixed with 
acetate of^lead. 

Choleic acid is resolved, by the action of muriatic 
acid, into ammonia^ taurine^ and a new acid, cholop' 
dicaddf which contains no nitrogen. 

12 
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When boiled with caustic potash, choelic acid 

resolved into carbonic add^ ammonia^ and another 
ew acidy cholic add (distinct from the cholic acid 
of Gmelin.) 

Now it is clear that the true formula of choleic 
acid must include the analytical expression of these 
modes of decomposition ; in other words, that 
it must enable us to show that the composi- 
tion of the products derived from it is related 
in a clear and simple manner, to the composi- 
tion of the acid itself. This is the only satis- 
factory/iest of a formula; and the analytical ex- 
pression thus obtained loses nothing of its truth 
or value, if it should appear, as the researches 
of Berzelius seem to show, that choleic and 
choloidic acids are mixtures of difierent com- 
pounds ; for the relative proportions of the ele- 
ments cannot in any way be altered by this circum^. 
stance. 

26- In order to develop the metamorphoses 
which choelic acid suffers under the influence of 
acids and alkalies, the following formula alone can 
be adopted as the empirical expression of the re- 
sults of its analysis, 

Formula of choleic acid : CieNsHMOsg. (29) 

I repeat, that this formula may express the com- 
position of one, or of two or more compounds ; no 
matter of how many compounds the so-called cho- 
leic acid may be made up, the above formula repre- 
sents the relative proportions of all their elements 
taken together. 
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If now we subtract from the elements of cboleic 
acidy the products formed by the action of muriatic 
acidy namely, ammonia and taurine, we obtain the 
empirical formula of choloidic acid. Thus: from the 

Formula of choleic acid C-n^iH^Oyi 

8 abstract — 

1 atom taurine C4NH7O10 ) n-Km n 

1 eq. ammonia NH3 J 

There remains the formula of cho- 
loidic acid =0,8 HggOu, (30) 

27. Again, if from the formula of choleic acid 
we subtract the elements of urea and 2 atoms of 
water (= 2 eq. carbonic acid and 2 eq. ammonia), 
there will remain the formula and composition of 
cholic acid. Thus ; from the 

Formula of choleic acid aCTeNsHgeOg 

subtract — 

2 eq. corbonic acid = Co O4 ) ri xt tt /^ 
2 eq. ammonia = NaHj ) __«_^ 

Remains the formula of cholic acid » C74 HsqOis (31) 

When we consider the very close coincidence be- 
these formulae and the actual results of analysis 
(see Appendix, 29, 30, 31), it is scarcely possible 
to doubt that the formula above adopted for choleic 
acid expresses, as accurately as is to be expected in 
the analysis of such compounds, the relative propor- 
tion of its elements, no matter in how many diflfer- 
ent forms they may be united to produce ttyit acid. 

28. Let us now add the half of the lumbers 
which represent the formula of choleic acid, to the 
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elements of the urine of serpents — that i 
urate of ammonia, as follows : 

^ tbe formula of choleic acid = CV^B 

Add to thU — 

1 eq. uric acid = C„N,H,0, J 



NH, 



i = c^X 



H Ot 



The aura is = C^N(H^„ 

29. But this last formula expresses the compogk I 
tion of blood, with the addition of 1 eq. oxygen and f 
1 eq. water. 

Formula of blood C^i,N,Hs,Ou 

1 eq. water = HO I 

1 oq. oxygen = O ) 

The sum is = CaNeH„0„ 

30, If moreover, we add to the elements of pro- 
teine those of 3 eq. water, we obtain, with ihe ei- 
ceplioD of 1 eq. hydrogen, exactly the same fonnuia. 

Formula of proteine = C^NiHasOu 

Add 3 eq. of water = H, 0, 



The sum is C„N,H^O„ 

difiering only by 1 eq. of hyd rogen from the formula 
above obtained by adding together choleic acid and 
urate of ammonia. 

31. If, then, we consider choleic acid and ujate 
of ammonia the products of the transformation of 
muscular fibre, since no other tissue in the body 
contains proteine (for albumen passes into tissues* 
without our being able to say, that in the vital pro- 
cess it 9 directly resolved into choleic acid, and 
urate of ammonia), there exist in fibrine, witU JJAfi 
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addition of the elements of water, all the elements 
essential to this metamorphosis; and, except the 
sulphur and phosphorus, both of which are probably 
oxidised, no element is separated- 

This form of metamorphosis is applicable to the 
vital transformations in the lower classes of amphi- 
bia, and perhaps in worms and insects. In the 
higher classes of animals the uric acid disappears 
in the urine, and is replaced by urea. 

The disappearance of uric acid and the produc- 
tion of urea plainly stand in a very close relation to 
the amount of oxygen absorbed in respiration, and to 
the quantity of water consumed by different animals 
in a given time. 

When uric acid is subjected to the action of 
oxygen, it is first resolved, as is well known, into 
alloxan and urea. (32) A new supply of oxygen 
acting on the alloxan causes it to resolve itself 
either into oxalic acid and urea, into oxaluric 
and parabanic acids, (33) or into carbonic acid and 
urea. 

32. In the so-called mulberry calculi we find 
oxalate of lime, in other calculi urate of ammonia, 
and always in persons, in whom, from want of ex- 
ercise and labor, or from other causes, the supply 
of oxygen has been diminished. Calculi contain- 
ing uric acid or oxalic acid are never found in 
phthisical patients ; and it is a common occurrence 
in France, among patients suffering from a|lculous 
complaints, that when they go to the TOuntry, 
where they take more exercise, the compounds of 

12* 
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uric acid, which were depoailed in the bladder 
during iheir residence in town, are succeeded by 
oxalates (mulberry calculus), in consequence of 
iLe increased supply of oxygen. With a still 
greater supply of oxygen they would have yielded, 
in healthy subjects, only the last product of tbs 
oxidation of uric acid, namely, carbonic acid and 
urea. 

A,n erroneous interpretation of the undeniable 
fact that all substances incapable of further use in 
the organism are separated by the kidneys and ex- 
pelled from the body in the urine, altered or 
unaltered, has led practical medical men to the 
' _ idea, that the food, and especially nitrogenised foodi 
may have a direct influence on the formation of 
urinary calculi. There are no reasons which sup- 
port this opinion, while those opposed to it are in- 
numerable. It is possible that there may be taken, 
in the food, a number of matters changed by the 
culinary art, which, as being no longer adapted to 
the formation of blood, are expelled in the urine, 
more or less altered by the respiratory process- 
But roasting and boiling alter in no way the com* 
position of animal food. (34) 

Boiled and roasted flesh is converted at once into 
blood ; while the uric acid and urea are derived 
from the metamorphosed tissues. The quantity of 
these products increases with the rapidity of trans- 
form at Wi in a given time, but bears no proportion 
to the Blount of food taken in the same period. In 
Lrving man who is any way compelled to undergo 
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severe and continued exertion, more urea is secreted 
tiban in the most highly fed individual, if in a state 
of rest. In fevers and during rapid emaciation the 
urine contains more urea than in the state of health. 
(Prout.) 

33* In Uie same way, therefore, as the bippuric 
ax:id, present in the urine of the horse when at rest, 
is converted into benzoate of ammonia and carbonic 
acid as soon as the animal is compelled to labor, 
so the uric acid disappears in the urine of man,, 
when he receives, through the skin and lungs, a 
quantity of oxygen sufficient to oxidise the products 
of the transformation of the tissues. The use of 
wine and fat, which are only so far altered in the 
organism that they combine with oxygen,^ has a 
marked influence on the formation of uric acid. 
The urine» after fat food has been taken, is turbid, 
and deposits minute crystals of uric acid. (Prout.) 
The same thing is observed after the use of wines 
in which the alkali necessary to retain the uric 
acid in solution is wanting, but never from the 
use of Rhenish wines, which contain so much 
tartar. 

In animals which drink much water, by means of 
which the sparingly soluble uric acid is kept dis- 
solved, so. that the inspired oxygen can act on it, na 
uric acid is found in the urine, but only urea. In 
birds, which seldom drink, urif acid predominates* 

If to one atom of uric acid we add 6^oms of 
oxygen and 4 atoms of water, it resolves ^elf into, 
urea and carbonic acid : 
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1 at uric acid C10N4 H4 Oe *) . « , i-« xt u rk 

^ ( = ^ ^ ^*- "'®^ • • ^* N^HsO* 

^ , ( H4 Oio i ^ 6 at. carbonic acid Cs On 

D at oxygen ( ) 

C10N4 H8 O16 CioNiHgOM 

34. The urine of the herbivora contains no uric 
acid, but ammonia, urea, and Iiippuric or benzoic 
acid. By the addition of 9 atoms of oxygen to the 
empirical formula of their blood multiplied by 5, we 
obtain the elements of 6 at. of hippuric acid, 9 
at. of urea, 3 at.of choleic acid, 3 at. of water, and 
3 at. of ammonia ; or, if we suppose 45 atoms of 
oxygen to be added to the blood during its meta- 
morphoses, then we obtain 6 at. of benzoic acid, 
18i at. of urea, 3 at. of choleic acid, 15 at. of car- 
bonic acid, and 12 at. of water. 

5 (C«NeH8eO^) + O9 = Ca^jNaoHigsQw 

6 at. hippuric acid, 6 (CigNHgOj) = CiosNeHisO^ 

9 at. urea 9 (Cj NjH^ O, ) = C« NisHa^a 

3 at. choleic acid . 3 (CgsN HasOu) = CihNsHwQb 
3 at. ammonia . . 8 ( N Hg ) = Ng Ht 
3 at. water .... 3 ( Hg Oa ) = Hs O, 

The sum is CsipNaoHu^ 

or — 

5 (C^NeHaeO,^) + 0« = C^'S^H.^O^ 

6 at. benzoic acid 6 (C14 11503)= C^ HmOis 

27|a at. urea ... 27 (C NHjO ) = C^N^HmOw 

3 at. choleic acid 3 (CgsNHsgO,,) = duNj H„ 0»' 

15 at. carbonic acid 15 (C Oj ) = C^ C^ 

12 at. water ... 12 ( H O ) = H^Oa 




The sum is C^io^^otlitfim 

% Lastly, let us follow the metamorphosis of 
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the tissues in the foetal calf, considering the pro- 
teine furnished in the blood of the mother as the 
substance which undergoes or has undergone a 
transformation ; it will appear that 2 at. of proteine 
without the addition of oxygen or any other foreign 
elements except 2 at. of water, contain the elements 
of 6 at. of allantoine and 1 at. of choloidic acid 
(meconium ?) 

2 at. proteine ss 2 (C^NsHasOu) -|- 2 at. water a 2 HO = CssNuHmOw 
6 at. allantoine, 6 (C4NaH803)=Ca4Ni2Hi80,8 
1 at. choloidic acid = C72 HsgOis 

C9SN1SH74O90 

36. But the elements of the six atoms of allan- 
toine in the last equation correspond exactly to 
the elements of 2 at. of uric acid, 2 at. of urea, 
and 2 at./ of water. 

2 at. uric acidCaoNgHgOit 
6atof allantoine=Cg4NisHi80|8= ^ 2 at. urea C4N4 H8O4 

2 at. water HgOi 
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The relations of allantoine, which is found in th"e 
urine of the foetal calf, to the nitrogenised constitu- 
ents of the urine in animals which respire, are, as 
maybe seen by comparing the above formulae, such 
as cannot be overlooked or doubted. Allantoine 
contains the elements of uric acid and urea — that 
is, of the nitrogenised products of the transforma* 
tion of the compounds of proteine. dB 

37. Further, if to the formula of protein^ multi- 
plied by 3, we add the elements of 4 at. of water, 
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and if we deduct from the sum of all the elements 
half of the elements of choloidic acid, there remains 
a formula which expresses very nearly the composi- 
tion of gelatine. From 

3 (C48NeH3eOM) + 4 HO ... = Cij!^JiiJ)^ 
Subtract i at. choloidic acid = Cm Hsg Oe 

There remain Cu,6N|8Hg4O40 (3/5) 

38. Subtracting from this formula of gelatine 
the elements of 2 at. of proteine, there remain the 
elements of urea, uric acid, and water, or of 3 at. of 
allantoine and 3 at. of water. Thus — 

Formula of gelatine (Mulder) CiggNigHg^O^ 
Subtract 2 at. proteine . . . . C ssNjsHtsOs 

There remain C uNeHiaOa = 

lat.uricacidC,oN4H40e ) (o-.n *.• /-txttt/^ 
1 at. urea . . C> H o' i = ) 3at.allanto.neC„N.H.O. 
4 at. water ILoA ) 3 at. water.. HA 



39. The numerical proportions calculated from 
the above formula differ from those actually obtain- 
ed in the analyses of Mulder and Schereb in 
this, that the latter indicate somewhat less of nitro- 
gen in gelatine ; but if we assume the formula to be 
correct, it then appears, from the statement just 
given, that the elements of two atoms of proteine, 
plus the nitrogenised products of the transformation 
of a thiid atom of proteine (uric acid and urea) and 
water ; w three atoms of proteine, minus the ele- 
ments of a compound containing no nitrogen, which 
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actually occurs as one of the products of the trans- 
£)rmation of choleic acid, yield in both cases a for- 
mula closely approaching to the composition of 
gelatinous tissues. We must, however, attach to 
such formulas, and to the considerations arising 
from them, no more importance than justly be- 
longs to them. I would constantly remind the 
reader that their use is to serve as points of con- 
nection, which may enable us to acquire more 
accurate views as to the production and decom- 
' position of those compounds which form the ani- 
mal tissues. They are the first attempts to dis- 
cover the path which we must follow in order to 
attain the object of our researches ; and this object, 
the goal we strive to reach, is, and must be, at- 
tainable. 

The experience of all those who have occupied 
themselves with researches into natural phenomena 
leads to this general result, that these phenomena 
are caused, or produced, by means far more simple 
than was previously supposed, or than we even 
now imagine; and it is precisely their simplicity 
which should most powerfully excite our wonder 
and admiration. 

Gelatinous tissue is formed from blood, from 
compounds of proteine. It may be produced by 
the addition, to the elements of proteine, of allan- 
toine and water, or of water, urea, and uric acid ; 
or by the separation from the elements of proteine 
of a compound containing no nitrogen. The solu- 
tion of such problems becomes less diflEicult, when 
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the problem to be solved, the question to 1>^^^H 
swered, is matured and clearly put. Evei^l^^H 
perimental decision of any such question inToB 
negative forms the starting-point of a new questioD) 
the solution of which, when obtained, is the neces- 
sary consequence of our having put the first quei- 
tion. 

40. In the foregoing sections, no other consd- 
tueni of the bile, besides choleic acid, has been 
brought into the calculation ; because it alone is 
known with certainty to contain nitrogen. Now, if 
it he admitted that its nitrogen is derived from the 
metamorphosed tissues, it is not improbable that 
the carbon, and other elements which it contains, 
are derived from the same source. 

There cannot be the smallest doubt, that in the 
carnivora, the constituents of the urine and the bile 
are derived from the transformation of compounds 
of proteine ; Ibr, except fat, they consume no food 
but such as contains proteine, or has been formed 
from that substance. Their food is identical with 
their blood ; and it is a matter of indifference which 
of the two we select as the starting-point of the 
chemical development of the vital metamorphoses. 

There can be no greater contradiction, with re- 
gard to the nutritive process, than to suppose that 
the nitrogen of the food can pass into the urine as 
urea, without having previously become part of an 
organized tissue ; for albumen, the only constituent 
of blood, which, from its amount, ought to be taken 
into consideration, suffers not the slightest 
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m passing through the liver or kidneys ; we find it 
in every part of the body with the same appearance 
and the same properties* These organs cannot be 
Eulapted for the alteration or decomposition of the 
substance from which all the other organs of the 
body are to be formed. 

41. From the characters of chyle and lymph, it 
appears with certainty that the soluble parts of the 
fix)d or of the chyme acquire the form of albumen. 
Hard-boiled white of egg, boiled or coagulated 
fibrine, which have again become soluble in the 
stomach, but have lost their coagulability by the 
action of air or heal, recover these properties by 
degrees. In the chyle, the acid re-action of the 
chyme has already passed into the weak alkaUne 
re-action of the blood ; and the chyle, when, after 
passing through the mesenteric glands, it has 
reached the thoracic duct, contains albumen coagu- 
lable by heat; and, when left to itself, deposits 
fibrine. All the compounds of proteine, absorbed 
during the passage of the chyme through the intes 
tinal canal, take the form of albumen, which, as the 
results of incubation in the fowl's egg testify, con- 
tains the fundamental elements of all organized 
tissues, with the exception of iron, which is ob- 
tained from other sources. 

Practical medicine has long ago answered the 
question, what becomes in man of the compounds of 
proteine taken in excess, what change is undergone 
by the superabundant nitrogenised food ? The blood- 
vessels are distended with excess of blood, the other 

13 
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vessels with excess of their fluids, and if the too 
great supply of food be kept up, and the blood, or 
other fluids adapted for forming blood, be not 
applied to their natural purposes, if the soluble 
matters be not taken up by the proper organs, va- 
rious gases are disengaged, as in processes of 
putrefaction, the excrements assume an altered 
quality in colour, smell, &c. Should the-fluids in the 
absorbent and lymphatic vessels undergo a similar 
decomposition, this is immediately visible in the 
blood, and the nutritive process then assumes new 
forms. 

42. No one of all these appearances should^twour, 
if the liver and kidneys were capable of eflfectmg 
the resolution of the superabundant compounds of 
proteine into urea, uric acid, and bile. All the ob- 
servations which have been made in reference to the 
influence of nitrogenised food on the composition of 
the urine have failed entirely to demonstrate the 
existence of any direct influence of the 'kind; for 
the phenomena are susceptible of another and a&r 
more simple interpretation, if, along with the food, 
we consider the mode of life and habits of the indi- 
viduals who have been the subjects of investigation. 
Gravel and calculus occur in persons who use very 
little animal food. Concretions of uric acid have 
never yet been observed in carnivorous mammalia, 
living in the wild state,* and among nations which live 

* The occurrence of urate of ammonia in a concretion found in ■, dog, 
which was examined by Lasmigne, is to be doubted, unless LadMUgM 
extracted it himself firom the bladder of the^miRMil. 
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entirely on flesh, deposits of uric acid concretions in 
the limbs or in the bladder are utterly unknown. 

43. That which must be viewed as an undeni- 
Mg truth in regard to the origin of the bile, or, more 
accurately speaking, of choleio acid in the camivora, 
cannot hold in regard to all the constituents of the bile 
secreted by the Hver in the herbivora, for with the 
enormous quantity of bile produced, for example, 
hy the liver of an^ox, it is absolutely impossible to 
suppose that all its carbon. is derived from tlie me- 
tamorphosed tissues. 

Assuming the 59 oz. of dry bile (from 37 lbs. of 
&efih bile secreted by an. ox) to contain the same 
percentage of nitrogen as choleic ax^id (3-86 per 
cent.), this would amount to nearly 2j oz. of nitro- 
g^; and if this nitrogen procoed from meta- 
Biorphosed tissues, then, if all the carbon of these 
tissues passed into the bile, it would yield, at the 
utmost, a quantity of bile corresponding to 7 '15 oz. 
of carbon. This is, however, far below the quan- 
tity which, according to observation, is secreted in 
this class of animals. 

44. Other substances, besides compounds of pro- 
teine, must inevitably take part in the formation of 
bile in the organism of the herbivora ; and these 
substances can only be the non-nitrogenised con- 
stituents of their food. 

45. The sugar of bile of Graelin (picromel or 
biline of Berzelius), which Berzelius considers as 
the chief constituent of bile, while Demar9ay as- 
siygos that place essentially to choleic acid, bumSt 
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when heated in the air, Kke resin, yields ammonia- 
cal products, ajad when treated with acids, yields 
taurine and the products ef the decomposition of 
choleic acid; when acted on by alkalies, it yields 
ammonia and choltcadd. At al£ events, the sugar 
of bile contains nitrogen,, and muck less oxygen thwk 
starch or sugar, but more oxygen than the oily acids. 
When, in the metamorphosis of sugar of bite or 
choleic acid by alkalies, we cause the separation of 
the nitrogen, we obtain a crystallized acid, very 
similar to the oily acids (cholic acid), and capable 
of forming with bases salts, which have the general 
characters of soaps. Nay, we may even consider 
the chief constituents of the bile, sugar of bile 
and choleic acid, as compounds of oily acids with 
organic oxides, like the fat oils, and only diflfer-* 
ing from these in containing no oxide of glycerule. 
Choleic acid, for example, may be viewed as a 
compound of ch^oidic acid with allantoine and 
water-: 

Choioidic acid. Allantoihe. Water. Cboleic acid. 
C^HseO,, + C4N2H3OS + H,0, - C^NsH^Oa 

Or as a compound of qholic acid, urea, and waters 

Cholic acid. Urea. Water. Choleic acid. 
CiiH^Ow + C^NaH A + HA ' C«N,Ha,0« 

46. If, in point of fact, as can hardly be doubted^, 
the elements of such substances as starch> sugar, 
&c., take part in the production of bile in the 
organism of the herbivora, there is nothing opposed 
^ such a view iu the coipposition of the cbi^f 
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constituents of bile, as far as our knowledge at pre- 
sent extends. 

If starch be the chief agent in this process, it can 
happen in no other way but this — that, as when it 
passes into fat, a certain quantity of oxygen is 
separated from the elements of the starch, which, 
for the same amount of carbon (for 72 atoms,) con- 
tains five times as much oxygen as choloidic acid. 

Without the separation of oxygen from the ele- 
ments of starch, it is impossible to conceive its con- 
version into bile ; and this separation being admit- 
ted, its conversion into a compound intermediate in 
composition between starch and fat offers no 
difficulty. 

47, Not to render these considerations a mere 
idle play with formulae, and not to lose sight of 
our chief object, we observ*.*, therefore, that the con- 
sideration of the quantitative proportion of the bile 
secreted in the herbivora leads to the following con- 
clusions : — 

The chief constituents of the bile of the herbivora 
contain nitrogen, and this nitrogen is derived from 
compounds of proteine. 

The bile of this class of animals coatains more 
carbon than corresponds to the quantity of nitro- 
genised food taken,' or to the portion of tissue 
tlia-t has undergone metamorphosis in the vital 
process. 

A part of this carbon must, therefore, be derived 
from the non-nitrogenised parts of the food (starch, 
sugaXi &c.) ; and in order to be converted into ^ v 

13*. 
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nitrogenised constituent of bile, a part of the ele- 
ments of these bodies must necessarily have com- 
bined with a nitrogenised compound derived from a 
compound of proteine. 

In reference to this conclusion, it is quite in- 
different whether that compound of proteine be 
derived from the food' or from the tissues of the 
body. 

48. It has very lately been stated by A. Ure, that 
benzoic acid, when administered internally, appear? 
in the urine in the form of hippuric acid. 

Should this observation be confirmed,* it will ac- 
quire great physiological significance, since it would 
» plainly prove that the act of transformation of the 
tissues in the animal body, undfer the influence of 
certain matters taken in the food, assumes a new 
form with respect to the products which are its 
result ;• for hippuric acid contains the elements of 
lactatet)f urea, with the addition of those of benzoic* 
acid: 



urea ..... C2NaH4 Oa^ r^ 

lactic acid . . Ge. H4 O4 1= \ ^ ""^ crystallized hippuric 

benzoic acid . C« HiaOe J l^^^^ = ^ (CiaNHsO.). 



1 at. urea ..... CzN^^t O2 
lat 

2 at benzoic acid . Csb ximv^s 



C36N2H18O12 

49. If we c(Misid«r the act of transformation of 
the tissues in the herbivora as we have done in the 

* The analysis of the crystals deposited from the urine on the addition 
of muriatic acid has not been performed. Besides, the statement of A. 
Ure, that hippuric acid, dissolved in nitric acid, is reddened by ammooia, 
is erroneous, and shows that the crystals he obtained must have contaiatdL 
uric acid.. 
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camivora, then the blood of the former must yield, 
as the last products of the metamorphosis, from all 
the organs taken together, choleic acid, uric acid, 
and ammonia (see p. 136) ; and if we ascribe to the 
uric acid an action similar to that of the benzoic 
acid in Ure's observation — such, namely, that the 
further transformation, owinorto the presence of 
this acid, assumes another for^^the elements of the 
uric acid being incorporated in the final products — 
it will appear, for example, that 2 at. of proteine, 
with Ae addition of the elements of 3 at. of uric 
acid and 2 at. of oxygen, might give rise to the pro- 
duction of hippuric acid and urea. 

2 at. proteine, 2 (CisNeHaeOH) = C96Ni2HT8023 

3 at. uric acid, 3 (doNiHiOe ) = CaoNwHiaOw 
21 at oxygen = O2 

The sum. is = CiasN3iH84048<= 

6 at hippuric acidr6 (CigN HsOs) = C103N6H48OW 
9 at urea 9 (C2NaHi02 ) = CisNigHggOas 

The sum ia ..... = Cia8N2^H84048 



{ 



50. Finally, if we bear in mind, that, in the her- 
bivora, the non-nitrogenised constituents of their 
food (starch,. &c.) must, as we have shown, play an 
essential part in the formation, of the bile ; that to 
their elements must of necessity be added those of 
a nitrogenised compound, in order to produce the 
nitrogenised constituents of the bile, the most strik- 
ing result of the combinations thus suggested is 
ijiisi that the elements of starch added to those of 
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hippuric acid are equal to the elements of choleic 
acid, plus, a certain quantity of carbonic acid : 

2 at. hippuric acid, 2 (CigNHgOs ) — CgsNiHieOjo 
5 at. starch .... 5 (C12 HujOio) =« C^^ HgoOjo 
2 ati oxygen .... =— O^ 

The sura is =■ CjeN-^HegOea 

2 at. choleic acid 2 (CggNHasOn) = CiBNaHgeOB 
20 at. carbonic acid 20 (C Oa)=Cjo O|o 



5 



The sum is = CsaNaHteOjj 

61. Now, since hippuric acid may be derived, 
along with urea, from the compounds of proteine, 
when to the elements of the latter are added those 
of uric acid (see p. 151) j since, further, uric acid, 
choleic acid, and ammonia contain the elements of 
proteine in a proportion almost identical with that 
of proteine itself (see p. 136)j; it is obvious that, if 
from 5 at. of proteine, with the addition of oxygen 
and of the elements of water, there be removed the 
elements of choleic aoid and ammonia, the re- 
mainder will represent the elements of hippuric 
acid and of urea; and that if, when this separation 
occurs, and during the further transformation, the 
elements of starch be present and enter "into the new 
products, we shall obtain an additional quantity of 
choleic acid, as well, as a certain amount of.car^ 
bonic acid gas. 

That is to say — that if the ele^nenu of proteine and 
starch,, oxygen and water being also present, undergo 
transformation together and mutually affect each other, 
we. obtain, g^ the products of this metamorphosis, ^rea, ^ 
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choleic acid^ ammonia^ and carbonic acid^ and besides 
these J no other product whatever. 
The elements of 

5 at. proteine*! f 9 at. choleic acid 
Id at. starch I J ^ °^* ^^^^ 

12 at. water [ *" | 3 at. ammoBia 

6 at. oxygen J (.60 at. carbonic acid 

In detail 

5 at. proteine, 5 (C48NeH880i*) ^ C^n^^isfi-n. 
15 at« starch, 15 (Cu H,oOio) =» Ciao H.soOisj 
12 at. water, 12 ( HO ) — HjaOu 

5 at. oxygen «-» Og 

The sum is = ^ix^ao^mOiffi 

and— 
9 at choleic acid, 9(Cg8NH8sOii)= Cj^NgHawOw 
Slat, urea, ...... 9t(C8N2H40s) = CiaNigHggOig 

SL aU aoimonia, . . 3 ( N H3 ) =i NsH, 
€10 at. carbonic acid, 60 (C Oa ) = 0^ Oiao 

The sum is ........... = C4aoN3jH3i30837 

The transformation of the compounds of proteine 
present in the body is effected by means of the 
oxygen, conveyed by the arterial blood, and if the 
elements of starch, rendered soluble in the stomach, 
and thus carried to e\ ery part, enter into the newly 
fbrmed compounds, we have the chief constituents 
of the animal secretions and. excretions ; carbonic 
acid, the excretion of the lungs, urea and carbonate 
of ammonia, excreted by the kidneys, and choleic 
acid, secreted by the liver. 

Nothing, therefore, in the chemical composition 
of those iaattei:s which may be supposed to take a 
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share in these metamorphoses, is opposed to the 
supposition that a part of the carbon of the 
nonazotised food enters into the composition of^ 

the bile 

52.f Fat^^'n the animal body, disappears when- 
the supply of oxygen is abundant. When that sup- 
ply is deBcient, choleic acid may be converted into 
Uppuric acid, lithofellic acid, {37^ and water. Li- 
thofellic acid is known, to be -the chief constituent 
of the bezoar stones, which occur in certain herr 

bivorous animals: 

r 2 at hip. acid C38l^2Hi60io. 
2 at. choleic acid CwNaH^Qsa ) ^ I i ^t. Hth. acidC« . H^Os 
10- at. oxygen . . 0,o V, ] 14 at. water* . . HhOm 

CwNjHfeOffl CwNaH«0» 

53* For the produclioatof bile in. tha- animal 
body a certain quantity of soda isr^ in> al^' circum-> 
st9inces^ necessary ; without the presence of a com- 
pound of sodium no bile can be formed. In the 
absence of soda, the metamorphosis of the tissues 
composed of proieine can yield only fat and urea.. 
If we suppose fat to be composed according to the 
empirical formula CuHioO, then, by the addition of 
oxygen and the elements of water to the elements 
of proteine, we have the elements of fat, urea, and 
carbonic acid. 

Proteine. Water. Oxygen, 
2 (C^NflHaaOH) + 12 HO + 14 O - C96N«H840« - 
f 6 at. urea . . . . = Ci2NijHa40i2 

1 Fat =» Ca HjoOe 

1$ at carbonic acid == C13 O^ 



1 



OjsNijHaiOsi 
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The composition of all fats lies between the em- 
pirical formulae C,iH,uO and CuHjoO. If we adopt 
the latter, then the elements of 2 at. proteine, with 
the addition of 2 at. oxygen and 12 at. water, will 
yield 6 at. urea, fat (C^eoOs)* ^^^ 12 at. carbonic 
acid. 

It is worthy of observation, in reference to the 
production of fat, that the absence of common salt 
(a compound of sodium which furnishes soda to the 
animal organism) is favorable to the formation of 
fat; that the fattening of an animal is rendered 
impossible, when we add to its food an excess of 
salt, although short of the quantity required to pro- 
duce a purgative effect. 

64. As a kind of general view of the tnetamor- 
phoses of the nitrogenised animal secretions, atten- 
tion may here be very properly directed to the 
fe£t, that the nitrogenised products of the transfor- 
mation of the bile are identical in ultimate compo- 
sition with the constituents of the urine, if to the 
latter be added a certain proportion of the elements 
of water. 

1 at. uric acid C10N4H4O6 ) . « * * /^ tvt ti ri 

1 at urea . . . G, N.H^O, U P at taurme CNsHa^O,, 

22 at water . . H«0« \ ^ ^ ^^- ^°^°^^°^^ ^'"« 



CiaNeHg^Oao GiaNeHaoOaj 

1 at allantoine C4NaH8 O3 ) tf 1 at taurine C4 N H, Ow 
1 at water . . H7 O7 i ~ ( 1 at. ammonia N Hj 



18 



C4NaH,oOio C4N,HioOio 

•65. In reference to the metamorphoses of uric 



166 RELATION OF URINE TO BILE. 

acid and of the products of the transformation of 
the bile, it is not less significant, and wrorthy of 
remark, that the addition of oxygen and the ele- 
ments of water to the elements of uric acid may 
yield either taurine and urea, or taurine, carbonic 
acid, and ammonia. 



I at. unc acid C10N4H4O6 "i , . r^. •».▼ -r* /^ 

14 at. water . . H,A. U ^ at. taurine Ce N3„Q, 

8 at. oxyeen . . O, W ^ «^ «^^* • ^'^^ ^» 



Sat. taurine . CgNgHi^O^ 
2 atxarbon acid Cg O4 

Add 2 at. water H2 O^^ (2 at. ammonia NjH^ 

56. Alloxan, plus a certain amount of water, is 
identical in the proportion of elements with taurine ; 
and finally, taurine contains the elements of super- 
oxalate of ammonia. 

1 at. alloxan* C8N2H4 O^o ? Taurine. 

10 at. water HjoOio \ "" ^^ C^NHAo) 

2 at. oxalic acidC4 O, 
1 at. taurine C4NH70io=^ 1 at. ammonia NHs 

4 at. water . . H4O4 




C4NH,0 



10 



* It would be most interesting to investigate the action of alloxan on 
the human body. Two or three drachms, in crystals, had no injurious 
action on rabbits to which it was given. In man, a large dose appeared 
to act only on the kidneys. In certain diseases of the liver, alloxan would 
^fy probvbly be found a most powerful remedy.— J. L* 
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67. The comparison of the amount of carbon in 
the bile secreted by an herbivorous animal, with the 
quantity of carbon of its tissues, or of the nitrogen- 
ised constituents of its food, which in consequence 
of the constant transformations may pass into bile, 
indicates, as we have just seen, a great difference. 

The carbon of the bile secreted amounts, at least, 
to more than five times the quantity of that which 
could reach the liver in consequence of the change 
of matter in the body, either from the metamor- 
phosed tissues or from the nitrogenised constituents 
of the food ; and we may regard as well founded the 
supposition that the non-azotised constituents of the 
food take a decided share in the production of bile 
in the herbivora ; for neither experience nor obser- 
vation contradicts this opinion. 

68. We have given, in the foregoing paragraphs, 
the analytical proof, that the nitrogenised products 
of the transformation of bile, namely, taurine and 
ammonia, may be formed from all the constituents 
of the urine, with the exception of urea — that is, 
from hippuric acid, uric acid, and allantoine; and 
when we bear in mind that, by the mere separation 
of oxygen and the elements of water, choloidic acid 
may be formed from starch ; — 

From 6 at. starch =a (C12H10O10) = CTsHgoO^jo 

Subtract 44 at oxygen ) __ HO 

4 at water ) "~ * ** 



Remains choloidic acid = CtsHmOis ; — 

ihaty finally, choloidic acid, ammonia, and taurine, 

14 
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if added together, contain the elements of choIeiQ 
acid; — 

1 at choloidic acidsCn HseOn 

1 at. taurine = C4 NH7 Oio 

1 at ammonia . • . . = NI^ 



1 at choleic acid = C29N3 HegOss ; — 

if all this be considered, every doubt as to the possi- 
bility of these changes is removed. 

69. Chemical analysis and the study of the living 
animal body mutually support each other ; and both 
lead to the conclusion that a certain portion of the 
carbon of the non-azotised constituents of food (of 
starch, &c., the elements of respiration) is secreted 
by the liver in the form of bile; and further, that 
the nitrogenised products of the transformation of 
tissues in the herbtvora do not, as in the carnivora, 
reach the kidneys immediately or directly, but that, 
before their expulsion from the body in the form of 
urine, they take a share in certain other processes, 
especially in the formation of the bile. 

They are conveyed to the liver with the non- 
azotised constituents of the food ; they are returned 
to the circulation in the form of bile, and are not 
expelled by the kidneys till they have thus served 
for the production of the most important of the sub- 
stances employed in respiration. 

60. When the urine is left to itself, the urea which 
it contains is converted into carbonate of ammonia ; 
the elements of urea are in such proportion, that by 
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the adition of the elements of water, all its carbon is 
conTerted into carbonic acid, and all its nitrogen 
into ammonia. 

1 at urea C^ifffi-2 ) __ ( ^ ^^ carbonic acid Cs O4 

2 at water HOs ) ^ \ 2 at ammonia •• . . N^EU 



61. Were we able directly to produce taurine 
and ammonia out of uric acid or allantoine, this 
might perhaps be considered as an additional proof 
of the share which has been ascribed to these com- 
pounds in the production of bile ; it cannot, howev- 
er, be yiewed as any objection to the views above 
developed on the subject, that, with the means we 
possf^ss, we have not yet succeeded in effecting 
these transformations out of the body. Such an 
objection loses all its force, when we consider that 
we cannot admit, as proved, the pre-existence of 
taurine and ammonia in the bile ; nay, that it is not 
even probable that these compounds, which are 
only known to us as products of the decomposition 
of the bile, exist ready formed, as ingredients of 
that fluid. 

By the action of muriatic acid on bile, we, in a 
manner, force its elements to unite in such forms 
as are no longer capable of change under the influ- 
ence of the same re-agent ; and when, instead of 
the acid, we use potash, we obtain the same ele- 
ments, although arranged in another, and quite a 
different manner. If taurine were present, ready 
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formed, in bile, we aliould obtain the same products 
by the action of acids and of alkalies. This, how- 
ever, is contrary to experience. 

Thus, even if we could convert allantoine, or 
uric acid and urea, into taurine and ammonia, out 
of the body, we should acquire no additional in- 
sight into the true theory of tlie formation of bile, 
just because the pre-existence of ammonia and 
taurine in the bile must be doubted, and because 
we have no reason to behove that urea or allaa- 
toine, as such, are employed by the organism ia 
the production of bile. We can prove that theii 
elements serve this purpose, but we are utterly 
ignorant how these elements enter into these con^ 
binations, or what is the chemical character of 
the nitrogcnised compound which unites with the 
elements of starch to form bile, or rather choleic 
acid. 

62, Choleic acid may be formed from the ele- 
ments of starch with those of uric acid and urea, 
or of allantoine, or of uric acid, or of alloxan, 
or of oxalic acid and ammonia, or of hippuric 
acid. The possibility of its being produced from 
so great a variety of nitrogenised compounds is 
sufficient to show that eiII the nitrogenised pro- 
ducts of the metamorphosis of the tissues may 
be employed in the formation of bile, while we 
cannot tell in what precise way they are so em- 
ployed. 

By the action of caustic alkalies allantoine may 
be resolved into oxalic acid and ammonia ; 
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products are obtained when oxamide is acted 
on by the same re-agenls. Yet we cannot, from 
the similarity of the products, conclude that these 
two compounds have a similar constitution, lo like 
manner the nature of the products formed by the 
action of acids on choleic acid does not entitle us 
to draw any conclusion as to the form in which its 
elements are united together. 

63. If the problem to be solved by organic che- 
mistry be this, namely, to explain the changes which 
the food undergoes in the animal body; then it is 
the business of this science to ascertain what ele- 
ments must be added, what elements must be se- 
parated, in order to effect, or, in general, to ren- 
der possible, the conversion of a given compound 
into a second or a third ; but we cannot expect 
from it the synthetic proof of the accuracy of the 
views entertained, because every thing in the orga- 
nism goes on under the influence of the vital force, 
an immaterial agency, which the chemist cannot 
employ at wilt. 

The study of the phenomena which accompEiny 
the metamorphoses of the food in the organism, the 
discovery of the share which the atmosphere or the 
elements of water lake in these changes, lead at 
once to the conditions which must be united in 
order to the production of a secretion or of an orga- 
nized part. 

64. The presence of free muriatic acid in the 
stomach, and that of soda in the blood, prove 
beyond all doubt the necessity of common salt for 

14» 
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the organic processes ; but the quantities of soda re- 
quired by animals of different classes, lo support the 
vital processes, are singularly unequal. 

If we suppose that a given amount of blood, 
considered as a. compound of soda, passes, in the 
body of a carnivorous aDinial, in consequence of 
the change of matier, into a new compound of 
soda, namely, the bile, we must assume, that in 
the normal condition of health, the proportion of 
soda in the blood is amply sufficient to form bile 
with the products of transformation. The soda 
which has been used in the vital processes, and any 
excess of soda must be expelled in the form of a 
salt, after being separated from the blood by the 
kidneys. 

Now, if it be true, that, in the body of an herbivo- 
rous animal, a much larger quantity of bile is pro- 
duced than corresponds to the amount of blood 
formed or transformed in the vital processes ; if the 
greater part of the bile, in this case, proceeds from 
the non-azotised constituents of the food, then the 
soda of the blood which has been formed into or- 
ganised tissue (assimilated or metamorphosed) can- 
not possibly suffice for the supply of the daily secre- 
tion of bile. The soda, therefore, of the bile of the 
herbivora must be supplied directly in the food; 
their organism must possess the power of applying 
directly to the formation of bile ail the compounds 
of soda present in the food, and decomposable by 
the organic process. All the soda of the animal 
body obviously proceeds from the food, but the food 
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of the Garnivora contains, at most, only the amount 
of soda necesscury to the formation of blood ; and 
in most cases, among animals of this class, we may 
assume that only as much soda as corresponds to 
the proportion employed to form the blood is expel- 
led in the urine. 

When the carnivora obtain in their food as much 
soda as suffices for the production of their blood, an 
equal amount is excreted in the urine ; when the 
food contains less, a part of that which would other- 
wise be excreted is retained by the organism. 

All these statements are most unequivocally con- 
firmed by the composition of the urine in these dif- 
ferent classes of animals. 

65. As the ultimate product of the changes of all 
compounds of soda in the animal body, we find in 
the urine the soda in the form of a salt, and the nitro- 
gen in that of ammonia or urea. 

The soda in the urine of the carnivora is found 
in combination with sulphuric and phosphoric acids ; 
and along with the sulphate and phosphate of soda 
we never fail to find a certain quantity of a salt of 
ammonia, either muriate or phosphate of ammonia. 
There can be no more decisive evidence in favour 
of the opinion, that the soda of their bile or of 
the metamorphosed constituents of their blood is 
v^Oy far from sufficing to neutralize the acids which 
acc^ separated, than tha presence of ammonia in 
their urine. This urine, moreover, has an acid re- 
action. 

In contradistinction to this, we find, in the urine 
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of the herbiTora, soda in predominating quantity ; 
and that not combined with sulphuric or phospfaoric 
acids, but with carbonic, benzoic, or hippuric acids. 

65. These well established facts demonstrate that 
the herbivora consume a far larger quantity of soda 
than is required merely for the supply of the daily 
consumption of blood. In their food are united all 
the conditions for the production of a second com- 
pound of soda, destined for the support of the respi- 
ratory process ; and it can only be a very limited 
knowledge of the vast wisdom displayed in the ar- 
rangements of organized nature which can look on 
the presence of so much soda in the food and in the 
tirine of the herbivora as accidental. 

It cannot be accidental, that the life, the devel- 
operaent of a plant is dependent on the presence of 
the alkalies which it extracts from the soil. This 
plant serves as food to an extensive class of animals, 
and in these animals the vilal process is again 
most closely connected with the presence of these 
alkalies. We find the alkalies in the bile, and their 
presence in the animal body is the indispensable 
condition for the production of the tirst food of the 
young animal ; for without an abundant supply 
of potash, the production of milk becomes im- 
possible. 

67. All observation leads, as appears from the pro- 
ceding exposition, to the opinion, that certain non- 
azotised constituents of the food of the herbivora 
(starch, sugar, gum, &c.,) acquire the form of a 
compound of soda, which, in their bodies, serves 
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for the same purpose as that which we know cer- 
tainly to be served by the bile (the most highly car- 
bonized product of the transformation of their tissues) 
in the bodies of the carnivora. These substances 
are employed to support certain vital actions, and 
are finally consumed in the generation of animal 
heat, and in furnishing means of resistance to the 
action of the atmosphere. In the carnivora, the 
rapid transformation of their tissues is a condition of 
their existence, because it is only as the result of the 
change of matter in the body that those substances 
can be formed, which are destined to enter into 
combination with the oxygen of the air ; and in 
this sense we may say that the non-azotised consti- 
tuents of the food of the herbivora impede the 
change of matter, or retard it, and render unneces- 
sary, at all events, so rapid a process as occurs in the 
carnivora. 

68. The quantity of azotised matter, proportion- 
ally so small, which the herbivora require to sup- 
port their vital functions, is closely connected with 
the power possessed by the non-azotized parts of 
their food to act as means of supporting the respi- 
ratory process ; and this consideration seems to ren- 
der it not improbable, that the necessity for more 
complex organs of digestion in the herbivora is 
rather owing to the difficulty of rendering soluble 
and available for the vital processes certain non-azo- 
tised compounds (gum? amylaceous fibre?) than to 
any thing in the change or transformation of vege- 
table fibrine, albumen, and caseine into blood; 
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since, for this latter purpose, the less complex di- 
gestive apparatus of the carnivora is amply suffl- 
cieat. 

69. If, in man, when fed on a mixed diet, starch 
perform a similar part to that which it plays in the 
body of the herbivora; if it be assumed that the 
elements of starch are equally necessary to the for- 
mation of the bile in man as in these animals; then 
it follows that a part of the azotised products of the 
transformation of the tissues in the human body, 
before ihey are expelled through the bladder, re- 
turns into the circulation from the liver in the shape 
of bile, and is separated by the kidneys from the 
blood, as the ultimate product of the respiratory 
process. 

70. When there is a deficiency of non-azotised 
matter in the food of man, this form of the produc- 
tion of bile is rendered impossible. In that case, 
the secretions must possess a ditferent composition; 
and the appearance of uric acid in the urine, the de- 
position of uric acid in the joints and in the bladder, 
as well as the influence which an excess of animal 
food (which must be considered equivalent to a de- 
ficiency of starch, tfec.,) exercises on the separation 
of uric acid in certain individuals, may be explained 
on this principle. If starch, sugar, &.C., be deficient, 
then a part of the azotised compounds formed du- 
ring the change of matter will either remain in the 
situation where they have t>een formed, in which 
case they will be sent from the liver in the cir- 
culation, and therefore will not undergo the final 
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changes dependent on the action of oxygen; or 
they will be separated by the kidneys in some form 
different from the normal one. 

'r 

71. In the preceding paragraphs I have endea- 
voured to prove that the non-azotised constitu- 
ents of food exercise a most decided influence 
on the nature and quality of the animal secre- 
tions. Whether this occur directly ; whether, that 
is to say, their elements take an immediate share 
in the act of transformation of tissues ; or whe- 
ther their share in that process be an indirect 
one, is a question probably capable of being re- 
solved by careful and cautious experiment and 
observation. It is possible, that the non-azotised 
constituents of food, after undergoing some change, 
are carried from the intestinal canal directly to 
the liver, and that they are converted into bile 
in this organ, where they meet with the pro- 
ducts of the metamorphosed tissues, and subset 
quently complete their course through the circu- 
lation. 

This opinion appears more probable, when we 
^ reflect that as yet no trace of starch or sugar 
has been detected in arterial blood, not even in 
animals which had been fed exclusively with 
these substances. We cannot ascribe to these 
substances, since they are wanting in arterial blood, 
any share in the nutritive process ; and the oc- 
currence of sugar in the urine of those aflected 
with diabetes mellitus (which sugar according to 
the best observations, is derived from the food) 
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coupled with iis total absence in the blood of 
the same patients, obviously proves that starch 
and sugar are not, as such, taken into the cii- 
culaiion. 

72. The writings of physiologists contain many 
proofs of the presence of certain constituents of 
the bile in the blood of man in a state of health, al- 
though their quantity can hardly be determined. 
Indeed, if we suppose 8i lbs. {58,000 grs.) of blood 
to pass through the liver every minute, and if from 
this quantity of blood 2 drops of bile (3 grains to 
the drop) are secreted, this would amount to ggVt*'! 
part of the weight of the blood, a proportion far too 
email to be quantitatively ascertained by analysis. 

73. The greater part of the bile in the body of 
the herbivora, and in that of man fed on mixed 
food, appears from the preceding considerations to 
be derived from the elements of the nou-azotised 
food. But its formation is impossible without the 
addition of an azotised body, for the bile is a com- 
pound of nitrogen. All varieties of bile yet exa- 
mined, yield, when subjected to dry distillatioBj 
ammonia and other nitrogenised products. Tau- 
rine and ammonia may easily be extracted from 
ox bile; and the only reason why we cannot posi- 
tively prove that the same products may be obtained 
from the bile of other animals is this, that it is not 
easy to procure, in the case of many of these ani- 
mals, a sufficient quantity of bile for the experi- 
ment. 

Now, whether the nitrogenised compound which 
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unites with the elements of starch to form bile be de- 
rived from the food or from the substance of the me- 
tamorphosed tissues, the conclusion that its presence 
is an essential condition for the secretion of bile can- 
not be. considered doubtful. 

Since the herbivora obtain in their food only snch 
nitrogenised compounds as are identical in composi- 
tion with the constituents of their blood, it is at all 
events clear, that the nitrogenised compound which 
enters into the composition of bile is derived from a 
compound of proteine. It is either formed in conse- 
quence of a change which the compounds of pro- 
teine in the food have undergone, or it is produced 
from the blood or from the substance of the tissues 
by the act of their metamorphosis. 

74. If the conclusion be accurate, that nitrogen- 
ised compounds, whether derived from the blood or 
£rom the food, take a decided share in the formation 
of the secretions, and particularly of the bile, then 
it is plain that the organism must possess the power 
of causing foreign matters which are neither parts 
'nor constituents of the organs in which vital activity 
resides, to serve for certain vital processes. All nitro- 
genised substances capable of being rendered soluble, 
without exception, when introduced into the organs 
of circulation or of digestion, must, if their compo- 
sition be adapted for such purposes, be employed by 
the organism in the same manner as the nitrogenised 
products which are formed in the act of metamor- 
phosis of tissues. 

15 
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We are acquainted with a multitnde of sub- 
stances, which exercise a most marked influence 
on the act of transformation as well as on the 
nutritive process, while their elements take no 
share in the resulting changes. These are uni- 
formly substances the particles of which are in a 
certain state of motion or decomposition, which 
state is communicated to all such parts of the or- 
ganism as are capable of undergoing a similar trans- 
formation. 

75. Medicinal and poisonous substances form 
a second and most extensive class of compounds, 
the elements of which are capable of taking a direct 
or an indirect share in the processes of secretion 
and of transformation. These may be subdivided 
into three great orders ; the first (which includes 
the metallic poisons) consists of substances which 
enter into chemical combination with certain parts 
or constituents of the body, while the vital force 
is insufBcient to destroy the compounds thus form- 
ed. The second division, consisting of the essential 
oils, camphor, empyreumatic substances, and anti- 
septics, <fec., possesses the property of impeding or 
retarding those kinds of transformation to which cer- 
tain very complex organic molecules are liable; 
transformations which, when they take place out of 
the body, are usually designated by the names of 
fermentation and putrefaction. 

The third division of medicinal substances is 

composed of bodies, the elements of which take a 

ct share in the changes going on in the animal 



SHARE IN THE VITAL TliANSFORMATIONS. 171 

body. When introduced into the system, they 
aagment the energy of the vital activity of one or 
more organs ; they excite morbid phenomena ia 
the healthy body. All of them produce a marked 
e£fect in a comparatively small dose, and many are 
poisonous when administered in larger quantity. 
None of the substances in this class can be said to 
take a decided share in the nutritive process, or 
to be employed by the organism in the production 
of blood; partly, because iheir composition is differ- 
ent from that of blood, and, partly, because the pro- 
portion in which they must be given, to exert their 
influence, is as nothing, compared with the mass of 
the blood. 

These substances, when taken into the circu- 
lation, alter, as is commonly said, the quality of the 
bloody and in order that they may pass from the 
stomach into the circulation with their entire effi- 
cacy, we must assume that their composition is not 
affected by the organic influence of the stomach. 
If insoluble when given, they are rendered soluble 
in that organ, but they are not decomposed ; other- 
wise, they would be incapable of exerting any influ- 
ence on the blood. 

76. The blood, in its normal state, possesses two 
qualities closely related to each other, allliough we 
may conceive one of them to be quite independent 
of the other. 

The blood contains, in the form of the globules, 
the carriers, as it were, of the oxygen which serves 
for the production of certain tissues, as well as for 
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the generation of animal heat. The globules of 
the blood, by means of the property they possess 
of giving off the oxygen they have taken np in 
the lungs, without losing their peculiar character, 
determine generally the change of matter in the 
body. 

The second quality of the blood, namely, the 
property which it possesses of becoming part of 
an organised tissue, and its consequent adapta- 
tion to promote the formation and the growth of 
organs, as well as to the reproduction or sup- 
ply of waste in the tissues, is owing, chiefly, to 
the presence of disssolved fibrine and albumen. 
These two chief constituents, which serve for 
nutrition and reproduction of, matter, in passing 
through the lungs are saturated with oxygei^, 
or, at all events, absorb so much from the at- 
mosphere as entirely to lose the power of extract- 
ing oxygen from the other substances present in 
the blood. 

17, We know for certain that the globules of 
the venous blood, when they come in contact with 
air in the lungs, change their colour, and that this 
change of colour is accompanied by an absorption of 
oxygen ; and that all those constituents of the blood, 
which possess in any degree the power of combining 
with oxygen, absorb it in the lungs, and become sa- 
turated with it. Although in contact with these 
other compounds, the globules, when arterialised, 
retain their florid, red colour in the most minute 
ramifications of the arteries ; and we observe them 
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to change their colour, and to assume the dark red 
colour which characterizes venous blood, only dur- 
ing their passage through the capillaries. From 
these facts we must conclude that the constituents of 
arterial blood are altogether destitute of the power 
to deprive the arterialised globules of the oxygen 
which they have absorbed from the air; and we 
can draw no other conclusion from the change of 
colour which occurs in the capillaries, than that the 
arterialised globules, during their passage through 
tlie capillaries, return to the condition which cha- 
racterized them in venous blood ; that, consequently, 
they give up the oxygen absorbed in the lungs, and 
thus acquire the power of combining with that ele- 
ment afresh. 

78. We. find, therefore, in arterial blood, albu- 
men, which, like all the other constituents of that 
fluid, has become saturated with oxygen in its 
passage through the lungs, and oxygen gas, which 
is conveyed to every particle in the body in 
chemical combination with the globules of the 
blood. As far as our observations extend (in the 
developement of the chick during incubation), all 
the conditions seem to be here united which are 
necessary to the formation of every kind of tissue ; 
while that portion of oxygen which is not con- 
sumed in the growth or reproduction of organs com- 
bines with the substance of the living parts, and 
produces, by its union with their elements, the act 
of transformation which we have called the change 
of matter. 

15* 
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79. It is obvious, that all compounds, of what- 
ever kind, which are present in the capillaries, 
whether separated there, or introduced by endos- 
mosis or imbibition, if not altogether incapable of 
uniting with oxygen, must, when in contact with 
the arterialised globules, the carriers of oxygen, 
be affected exactly in the same way as the solids 
forming part of living organs. These compounds, 
or their elements, will enter into combination 
with oxj'gen, and in this case there will either be 
no change of matter, or that change will exhibit 
itself in another form, yielding products of a difEsr- 
ent kind. 

80. The conception, then, of a change in the two 
qualities of the blood above alluded to, by means of 
a foreign body contained in the blood or introduced 
into the circulation (a medicinal agent), presupposes 
two kinds of operation. 

Assuming that the remedy cannot enter into any 
such chemical union with the constituents of the 
blood as puts an end to the vital activity ; assum- 
ing, further, that it is not in a condition of trans- 
formation capable of being communicated to the con- 
stituents of the blood or of the organs, and of con- 
tinuing in them ; assuming, lastly, that it is incapa- 
ble, by its contact with ^the living parts, of putting 
a stop to the change of matter, the transformation 
of their elements ; then, in order to discover the 
modus operandi of this class of medicinal agents, 
nothing is left but to conclude that their elements 
take a share in the formation of certain constituents 
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of the living body, or in the production of certain 
secretions. 

81. The vital process of secretion, in so far as it 
is related to the chemical forces, has been sub- 
jected to examination in the preceding pages. In 
the camivora we have reason to believe, that with- 
oat the addition of any foreign matter in the food, 
the bile and the constituents of the urine are 
formed in those parts where the change of matter 
takes place. In other classes of animals, on the 
other hand, we may suppose that in the organ of 
secretion itselfj-the secreted fluid is produced from 
certain matters conveyed to it; in the herbivora, 
for example, the bile is formed from the elements 
of starch along with those of a nitrogenised pro- 
duct of the metamorphosis of the tissues. But 
this supposition by no means excludes the opin- 
ion, that in the carnivora the products of the me- 
tamorphosed tissues are resolved into bile, uric acid, 
or urea, only after reaching the secreting organ; 
nor the opinion that the elements of the non-azo- 
tised food, conveyed directly by the circulation to 
every part of the body, where change of matter is 
going on, may there unite with the elements of the 
metamorphosed tissues, to form the constituents of 
the bile and of the urine. 

82. If we now assume, that certain medicinal 
agents may become constituents of secretions, this 
can only occur in two ways. Either they enter the 
circulation, and take a direct share in the change of 
matter in so far as their elements enter into the 
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composition of the new products ; or they are con- 
veyed to the organs of secretion, where they exert 
an influence on the formation or on the quality of a 
secretion by the addition of tlieir elements. 

In either case, they must lose in the organism 
their chemical character ; and we .know with suffi- 
cient certainty, that this class of medicinal bodies 
disappears in the body without leaving a trace. In 
fact, if we ascribe to them any effect, they cannot 
lose theix peculiar character by the action of the 
stomach ; their disappearance, therefore, presupposes 
that they have been applied to certain purposes, 
which cannot be imagined to occur without a change 
in their composition. 

83. Now, however limited may be our know- 
ledge of the composition of the different secre- 
tions, with the exception of the bile, this much is 
certain, that all the secretions contain nitrogen 
chemically combined. They pass into fetid putre- 
faction, and yield either in this change, or in the 
dry distillation, ammoniacal products. Even the i^a- 
liva, when acted upon by caustic potash, disengages 
ammonia freely. 

84. Medicinal or remeJial agents may be divided 
into two classes, the nitrogenised and the non-ni- 
trogenised. The nitrogenised vegetable principles, 
whose composition differs from that of the proper 
nitrogenised elements of nutrition, also produced by 
a vegetable organism, are distinguished, beyond all 
others, for their powerful action on the animal eco- 
•^omy. 
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The effects of these substances are singularly 
varied; from the mildest form of the action of 
aloes, to the most terrible poison, strychnia, we 
observe an endless variety of different actions. 

With the exception of three, all these substances 
produce diseased conditions in the healthy organ- 
ism, and are poisonous in certain doses. Most of 
them are, chemically speaking, basic or alkaline. 

No remedy, devoid of nitrogen possesses a poison- 
ous action in a similar dose.* 

85. The medicinal or poisonous action of the 
nitrogenised vegetable principles has a fixed rela- 
tion to their composition ; it cannot be supposed 
to be independent of the nitrogen they contain, 
but is certainly not in direct proportion to the quan- 
tity of nitrogen. 

Solanine (38), and picrotoxine (39), which con- 
tain least nitrogen, are powerful poisons. Quinine 
(40)contains more nitrogen than morphia (41). 
Caffeine (42), and theobromine the most highly 
nitrogenised of all vegetable principles, are not 
poisonous. 

86. A nitrogenised body, which exerts, by means 
of its elements, an influence on the formation or on 
the quality of a secretion, must, in regard to its 

* This consideration or comparative view has led lately to a 
mora accurate investigation of the composition of picrotoxine, the 
poisonous principle of cocculus indicus ; and M. Francis has dis- 
covered the existence of nitrogen in it, hitherto overlooked, and has 
also determined its amounL 
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chemical character, be capable of taking the same 
share as the nitrogenised products of the animal 
body do in the formation of the bile ; that is, it 
must play the same part as a product of the vital 
process. On the other hand, a non-azotised medi- 
cinal agent, in so far as its action affects the secre- 
tions, must be capable of performing in the animal 
body the same part as that wliich we have ascribed 
in the formation of the bile, to the non-azotised 
elements of food. 

Thus, if we suppose that the elements of hip- 
puric or uric acids are derived from the substance 
of the organs in which vitality resides; that as 
products of the transformation of these organs 
they lose the vital character, without, losing the capa- 
city of undergoing changes under the influence 
of the inspired oxygen, or of the apparatus of 
secretion ; we can hardly doubt that similar ni- 
trogenised compounds, products of the vital pro- 
cess in plants, when introduced into the animal 
body, inay be employed by the organism exact- 
ly in the same way as the nitrogenised products 
of the metamorphosis of the animal tissues them- 
selves. If hippuric and uric acids, or any of 
their elements, can take a share, for example, in 
the formation and supply of bile, we must allow 
the same power to other analogous nitrogenised 
compounds. 

We shall never, certainly, be able to discover 
how men were led to the use of the hot infusion 
of the leaves of a certain shrub (tea) or of a decoc- 
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Hon of certain roasted seeds (coffee.) Some cause 
there must be, which would explain how the prac- 
tice has become a necessary of life to whole na- 
tions. But it is surely still more remarkable, that 
the beneficial effects of both plants on the health 
must be ascribed to one and the same substance^ 
the presence of which in two vegetables, belonging 
to different natural families, and the produce of 
different quarters of the globe, could hardly have 
presented itself to the boldest imagination. Yet 
recent researches have shewn, in such a manner 
as to exclude all doubt, that caffeine, the pecu- 
liar principle of coffee, and theine, that of tea, are, 
in all respects, identical. 

It is not less worthy of notice, that the American 
Indian, living entirely on flesh, discovered for him- 
self, in tobacco smoke, a means of retarding the 
change of matter in the tissues of his body, and 
thereby of making hunger more endurable ; and 
that he cannot withstand the action of brandy, 
which, acting as an element of respiration, puts 
a stop to the change of matter by performing the 
function which properly belongs to the products 
of the metamorphosed tissues. Tea and coffee were 
originally met with among nations whose diet is 
chiefly vegetable. 

87. Without entering minutely into the medicinal 
action of caffeine (theine,) it will surely appear a 
most striking fact, even if we were to deny its in- 
fluence on the process of secretion, that this sub- 
stance, with the addition of oxygen and the ele- 
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meats of water, can yield taurine, the nitrogenised 

compound peculiar to bile : 

1 at. caffeine or theine = C»N«H» CM 

9 at water = H^O^ 

9 at oxygen ....= O 

= 2 at taurine = 2 (C^NH'Ow) 

A similar relation exists in the case of the pecu- 
liar principle of asparagus and of althaea, aspara- 
gine ; which also, by the addition of oxygen and 
the elements of water, yields the elements of tau rine 

1 at asparagine = CsN'HsO 

6 at. water = H«0* 

8 at. oxygen. . . . = O 

= 2 at. taurine = 2 (C^NIPOio) 
The addition of the elements of water and of a 
certain quantity of oxygen to the elements of theo- 
bromime, the characteristic principle of the cacao 
bean, (theobroma cacao,) yields the elements of 
taurine and urea, of taurine, carbonic acid, and 
ammonia, or of taurine and uric acid : 

1 at theobromine C»«N«H'0O ^ (.,, . r..6xr4XT«.ruo 

22at water H-O^ = t'^ '"""'^' p T-SfXT 

leatoxygen ^j 1 1 at urea...C^N^« 

C»8N«H320« C»8N«HmCK* 



or— 
1 at theobromine C'«N0H»oO x Mat taurine C»«N*H«0« 

24atwater H^^O^* \ = } 2atcarb.acidC« O* 

16atoxygen Oi«j t2atammonia N«H* 
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or— 
1 at theobromine C^N^H^oO ^ ( ^ ^ ^t xx ^ 

Satwater H« ()• i = ( ^'- """""^ ^^ ^?^" 

Mauoxygen 0»j 1 1 at. uric acid C-N^H^ 0« 



88. To see how the action of caffeine, aspara- 
gine, theobromine, &c., may be explained, we 
must call to mind that the chief constituent of the 
bile contains only 3-8 per cent, of nitrogen, of 
which only the half, or 1*9 per cent., belongs to the 
taurine. 

Bile contains, in its natural state, water and 
solid matter, in the proportion of 90 parts by 
weight of the former to 10 of the latter. If we 
suppose these 10 parts by weight of solid matter 
to be choleic acid, with 3-87 per cent, of nitrogen, 
then 100 parts of fresh bile will contain 0*171 
parts of nitrogen in the shape of taurine. Now 
this quantity is contained in 0*6 parts of caffeine : 
or 2y\ths grains of caffeine can give to an ounce of 
bile the nitrogen it contains in the form of taurine. 
If an infusion of tea contain no more than the 
f'^th of a grain of caffeine, still, if it contribute 
in point of fact to the formation of bile, the 
action, even of such a quantity, cannot be looked 
upon as a nullity. Neither can it be denied that 
in the case of an excess of non-azotised food and 
a deficiency of motion, which is required to cause 
the change of matter in the tissues, and thus to 
yield the nitrogenised product which enters into 
the composition of the bile ; that in such a con- 

16 
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dition, the health may be benefited by the use of 
compounds which are capable of supplying the 
place of the nitrogen ised product produced in the 
healthy state of the body, and essential to the pro- 
duction of an important element of respiration. In 
a chemical sense — and it is this alone which the 
preceding remarks are intended to show — caffeine 
or theine, asparagine, and theobromine, are, in vir- 
tue of their composition, better adapted to this 
purpose than all other nitrogenised vegetable prin- 
ciples. The action of these substances, in ordinary 
circumstances, is not obvious, but it unquestionably 
exists. 

89. With respect to the action of the other ni- 
trogenised vegetable principles, such as quinine, 
or the alkaloids of opium, &c., which manifests 
itself, not in the processes of secretion, but in 
phenomena of another kind, physiologists and pa- 
thologists entertain no doubt that it is exerted 
chiefly on the brain and nerves. This action is 
commonly said to be dynamic — that is, it accele- 
rates, or retards, or alters in some way the phe- 
nomena of motion in animal life. If we reflect 
that this action is exerted by substances which are 
material, tangible and ponderable ; that they dis- 
appear in the organism; that a double dose acts 
more powerfully than a single one ; that, after a 
time, a fresh dose must be given, if we wish to 
produce the action a second time ; all these con- 
siderations, viewed chemically, permit only one 
form of explanation ; the supposition, namely, that 
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these compounds, by means of their elements, take 
a share in the formation of new, or the transforma- 
tion of existing brain and nervous matter. 

However strange the idea may, at first sight, ap- 
pear, that the alkaloids of opium or of cinchona 
bark, the elements of codeine, morphia, quinine, 
&c., may be converted into Constituents of brain 
and nervous matter, into organs of vital ener- 
gy, from which the organic motions of the body 
derive their origin ; that these substances form 
a constituent of that matter, by the removal of 
which the seat of intellectual life, of sensation, 
and of consciousness, is annihilated ; it is, never- 
theless, certain, that all these forms of power 
and activity are most closely dependent, not only 
on the existence, but also on a certain quality 
of the substance of the brain, spinal marrow, 
and nerves ; insomuch, that all the manifesta- 
tions of the life or vital energy of these modi- 
fications of nervous matter, which are recognised 
as the phenomena of motion, sensation, or feel- 
ing, assume another form as soon as their com- 
position is altered. The animal organism has pro- 
duced the brain and nerves out of compounds 
famished to it by vegetables ; it is the constituents 
of the food of the animal, which, in consequence 
of a series of changes, have assumed the properties 
and the structure which we find in the brain and 
nerves. 

90. If it must be admitted as an undeniable 
truth, that the substance of the brain and nerves is 
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produced from the elements of vegetable albumeti, 
fibrine and caseine, either alone, or with the aid of 
the elements of non-azotized food, or of the fat 
formed from the latter, there is nothing absurd in 
the opinion, that other constituents of vegetables, 
intermediate in composition between the fats and 
the compounds of proteine, may be applied in the 
organism to the same purpose. 

91. According to the researches of Fremy, the 
chief constituent of the fat found in the brain 
compound of soda with a peculiar acid, the eerehric 
add, which contains, in 100 parts, 

Carbon 667 

Hydrogen 

Nitrogen 2^ 

PhosphoroB 04 

Oxygen IM 

It is easy to see that the composition of eerehric 
acid differs entirely, both from that of ordinary fets 
and of the compounds of proteine. Common fats 
contain no nitrogen, white the compounds of pro- 
teine contain nearly 17 per cent. Leaving the phos- 
phorus out of view, the composition of this acid ap- 
proaches most nearly to that of cholejc acid, aU 
though these two compounds are quite distinct. 

92. Brain and nervous matter is, at all events, 
formed in a manner similar to that in which bile 
is produced ; either by the separation of a high- 
ly nitrogenised compound from the elements of 
blood, or by the combination of a nitrogenised 



rain is a 
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product of the vital process with a non-azotised 
compound (probably, a fatty body). All that has 
been said in the preceding pages on the various 
possible ways by which the bile might be sup- 
posed to be formed, all the conclusions which 
we attained in regard to the co-operation of azo- 
tised and non-azotised elements of food, may be 
applied with equal justice and equal probability 
to the formation and production of the nervous 
substance. 

We must not forget that, in whatever light we 
may view the vital operations, the production of 
nervous matter from blood pre-supposes a change 
in the composition and qualities of the constituents 
of blood. That such a change occurs is as certain 
as that the existence of the nervous matter cannot 
be denied. In this sense, we must assume, that 
from a compound of proteine may be formed a 
first, second, third, d&c, product, before a certain 
number of its elements can become constituents of 
the nervous matter; and it must be considered as 
quite certain, that a product of the vital process 
in a plant, introduced into the blood, will, if its 
composition be adapted to this purpose, supply the 
place of the first, second, or third product of the 
alteration of the compound of proteine. Indeed 
it cannot be considered merely accidental, that the 
composition of the most active remedies, namely, 
the vegetable alkaloids, cannot be shown to be re- 
lated to chat of any constituent of the body, except 
onXy the substance of the nerves and brain. All 

16* 
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of these contain a certain quantity of nitrogen, and, 
in regard to their composition, they are interme- 
diate between the compounds of proteine and the 
fats. 

93. {n contradistinction to their chemical charac- 
ter, we find that the substance of the brain exiiibits 
the characters of an acid. It contains far more 
oxygen than the organic bases or alkaloids. We 
observe, that quinine and cinchonine, morphia and 
codeine, strychnia and brncia, which are, respective- 
ly, so nearly alike in composition, if they do not 
produce absolutely the same effect, yet resemble 
each other in their action more than those which 
differ more widely in composition. We find that 
their energy of action diminishes, as the amount of 
oxygen they contain increases (as in the case of nar- 
cotine,) and that, strictly speaking, no one of them 
can be entirely replaced by another. There can- 
not be a more decisive proof of the nature of their 
action than this last fact ; it must stand in the 
closest relation to their composition. If these com- 
pounds, in point of fact, are capable of taking a 
share in the formation or in the alteration of iho 
qualities of brain and nervous matter, their action 
on the healthy as well as the diseased organism 
admits of a surprisingly simple explanation. If we 
are not tempted to deny, that the chief constituent 
of soup may be applied to a purpose corresponding 
to its composition in the human body, or that the 
organic constituent of bones may be so employed 
in the body of the dog, although that substance 
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(gelantine in both cases) is absolutely incapable of 
yielding blood ; if, therefore, nitrogenised compounds, 
totally different from the compounds of proteine, 
may be employed for purposes corresponding to 
their composition ; we may thence conclude that a 
product of vegetable life, also different from proteine, 
but similar to a constituent of the animal body, may 
be employed by the organism in the same way and 
for the same purpose as the natural product, ori- 
ginally formed by the vital energy of the animal 
organs, and that, indeed, from a vegetable sub- 
stance. 

The time is not long gone by, when we had 
not the very slightest conception of the cause of 
the various effects of opium, and when the action 
of cinchona bark was shrouded in incomprehensi- 
ble obscurity. Now that we know that these effects 
are caused by crystallizable compounds, which differ 
as much in composition as in their action on the 
system ; now that we know the substances to which 
the medicinal or poisonous energy must be ascribed, 
it would argue only want of sense to consider the 
action of these substances inexplicable ; and to do V 
so, as many have done, because they act in very 
minute doses, is as unreasonable as it would be to 
judge of the sharpness of a razor by its weight. 

94. It would serve no purpose to give these 
considerations a greater extension at present. How- 
ever hjrpothetical they may appear, they only de- 
serve attention in so far as they point out the 
way wiiich chemistry pursues, and which she ought 
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not to quit, if she would really be of service to 
physiology aod pathology. The comhinations of 
the chemist relate to the change of matter, for- 
wards and backwards, to the conversion of food 
into the various tissues and secretions, and to their 
metamorphosis into lifeless compounds ; his inves- 
tigations ought to tell us what has taken place and 
what can take place in the body. It is singular 
that we find medicinal agencies all dependant on 
certain matters, which differ in composition ; and 
if, by the introduction of a substance, certain ab- 
normal conditions are rendered normal, it wilt be 
impossible to reject the opinion, that this pheno- 
menon depends on a change in the composition 
of the constituents of the diseased organism, a 
change in which the elements of the remedy take 
a share; a share similar to that which the veget- 
able elements of food have taken in the formation 
of fat, of membranes, of the saliva, of the seminal 
fluid, &.C. Their carbon, hydrogen, or nitrogen, 
or whatever else belongs to their composition, are 
derived from the vegetable organism ; and, after 
all, the action and effects of quinine, morphia, 
and the vegetable poisons in general, are no hy- 
potheses, 

95. Thus, as we may say, in a certain sense, of 
caffeine or theine and asparagine, &c., as well as 
of the non-azotised elements of food, that they are 
food for the liver, since they contain the elements, 
by the presence of which that organ is enabled to 
perform its functions, so we may consider these 
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nitrogenised compounds, so remarkable for their 
action oa tlie brain and oa the substance of the 
OFgatis of motion, as elements of food for the or- 
gans as yet unknown, which are destined for the 
metamorphosis of the constitnenls of the blood into 
nervous substance and b((Lin. Such organs there 
must be in the animal body, and if, in the diseased 
stale, an abnormal process of production or trans- 
formation of the constituents of cerebral and nervous 
matter has been established ; if, in the organs intended 
for this purpose, the power of forming that matter out 
of the constituents of blood, or the power of resisting 
an abnormal degree of activity in its decomposition 
or transformation, has been diminished ; then, in a 
chemical sense, there is no objection to the opinion, 
that substances of a composition analogous to that 
of nervous or cerebral matter, and, consequently, 
adapted to form that matter, may bo employed, in- 
stead of the substances produced from the blood, 
either to furnish the necessary resistance, or to re- 
store the normal condition. 

96. Some physiologists and chemists have ex- 
pressed doubts of the peculiar and distinct character 
of cerebric acid, a substance which, from its amount 
of carbon and hydrogen, and from its external cha- 
racters, resembles a nitrogenised fatty acid. But a 
nitrogenised fat, having an acid character, is, in fact, 
no anomaly. Hipputic acid is in many of its cha- 
racters very similar to the fatty acids, but is essen- 
tially distinguished from them by containing nitro- 
gen. The organic constituents of bile resemble the 
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acid resins io physical clmracters, and yet conteLiQ 
nitrogen. The organic alkalies are intermediate in 
their physical characters between the fats and resins, 
and ihey all contain nitrogen. A nitrogenised fatly 
acid is as little improbable as the existence of a nl- 
trogenised resin with the characters of a base. 

97. An accurate invesligaliou would probaly dis- 
cover differences in the composition of the brain, 
spinal marrow, and nerves. According to the ob- 
servations of Valentin, the quality of the cerebral 
and nervous substance is very rapidly altered from 
the period of death, and very uncommon precautions 
would be required for the separation of foreign mat- 
ters not properly belonging to the substance of the 
spinal marrow or brain. But, however difficult it 
may appear, the investigation seems yet to be prac- 
ticable. We know, in the meantime, that all expe- 
lience is against the notion of a large amount of 
carbon and hydrogen in the substance of the brain. 
The absence of nitrogen as an element of the cere- 
bral and nervous matter, appears, at all events, im- 
probable. This substance, moreover, cannot be 
classed with ordinary fats, because we find the cere- 
bric acid combined with soda, whereas, all fats 
are compounds of fatty acids with oxide of glycerule. 
In regard to the phosphorus of the brain, we can only 
guess as to the form in which the phosphorus exists. 
Walchuer observed recently that bubbles of sponta- 
neously inflammable phosphuretted hydrogen were 
disengaged from the trough of a spring in Carls- 
nihe, on the bottom of which fish had putrefied ; 
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and gases containing phosphorus have also been 
observed among the products of the putrefaction of 
the brain.* 

* The curator of the museum at Geneva gave to M. Leroyeri 
apothecary, a large quantity of spirit of wine, which had been used 
for the preservation of fishes, and which he undertook to purify. He 
distilled it from a mixture of chloride of calcium and quicklime, and 
evaporated the residue in the air, over a fire. As soon as the mass 
had acquired a certain consistence, and a higher temperature, a pro- 
digious quantity of spontaneously inflammable phoephuretted hydro- 
gen was disengaged. (Dumas, Y. 267.) 
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1. 

It might appear an unprofitable task to add one 
more to the innumerable forms under which the 
human intellect has viewed the nature and essence 
of that peculiar cause which must be considered as 
the ultimate source of the phenomena which charac- 
terize vegetable and animal life, were it not that cer- 
tain conceptions present themselves as necessary 
deductions from the views on this subject develop- 
ed in the introduction to the first part of this work. 
The following pages will be devoted to a more 
detailed examination of these deductions. It must 
be admitted here, that all these conclusions will 
lose their force and significance, if it can be proved 
that the cause of vital activity has in its manifes- 
tations nothincf in common with other known causes 
which produce motion or change of form and struc- 
ture in matter. 

But a comparison of its peculiarities with the 
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modus operandi of these other causes, cannot, at 
all events, fail to be advantageous, inasmuch as 
the nature and essence of natural phenomena are 
recognizable, not by abstraction, but only by com- 
parative observations. 

If the vital phenomena be considered as mani- 
festations of a peculiar force, then the effects of 
this force must be regulated by certain laws, which 
laws may be investigated ; and these laws must be 
in harmony with the universal laws of resistance 
and motion, which preserve in their courses the 
worlds of our own and other systems, and which 
also determine changes of form and structure in ma- 
terial bodies ; altogether independently of the mat- 
ter in which vital activity appears to reside, or of the 
form in which vitality is manifested. 

The vital force in a living animal tissue appears 
as a cause of growth in the mass, and of resistance 
to those external agencies which tend to alter the 
form, structure, and composition of the substance of 
the tissue in which the vital energy resides. 

This force further manifests itself as a cause of 
motion and of change in the form and structure of 
material substances, by the disturbance and abolition 
of the state of rest in which those chemical forces 
exist, by which the elements of the compounds con- 
veyed to the living tissues, in the form of food, and 
held together. 

The vital force causes a decomposition of the 
constituents of food, and destroys the force of at-* 
traction which is continually exerted between their 
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molecQies; it alters the direction of the chemical 
forces in such wise, that the elements of the con- 
stituents of food arrange themselves in another form, 
Etnd combine to produce new compounds, either 
identical in composition with the living tissues, or 
differing from them ; it further changes the direc- 
tion and force of the attraction of cohesion, de- 
stroys the cohesion of the nutritious compounds, and 
forces the new compounds to assume forms altoge- 
ther different from those which are the result of the 
attraction of cohesion when acting freely, that is, 
without resistance. 

The vital force is also manifested as a force of 
attraction, inasmuch as the new compound produced 
by the change of form and structure in the food, 
when it has a composition identical with that of the 
living tissue, becomes a part of that tissue. 

Those newly-formed compounds, whose compo- 
sition differs from that of the livings tissue, are re- 
moved from the situation in which they are formed, 
and, in the shape of certain secretions, being carried 
10 other parts of the body, undergo in contact with 
these a series of analogous changes. 

The vital force is manifested in the form of resist- 
ance, inasmuch as by its presence in the living tis- 
sues, their elements acquire the power of withstand- 
ing the disturbance and change in their form and 
composition,^ which external agencies tend to pro- 
duce; a power which, simply as chemical com- 
^unds, they do not possess. 

As in the case of other forces, the conception of 

17* 
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an unequal intensity of tlie vila! force comprehends 
not only an unequal capacity for growth in the 
mass and an unequal power of overcoming che- 
mical resistance, but also an inequality iu the 
amount of tliat resistance which the parts or con- 
stituents of the living tissue oppose to a change in 
their form and composition, from the action of new 
external active causes of change ; just as the force 
of cohesion or of affinity is in direct proportion to 
the resistance which these forces oppose to any ex- 
ternal cause, mechanical or chemical, tending to se- 
parate the molecules, or the elements of an existing 
compound. 

The manifestations of the vital force are dependent 
on a certain form of the tissue in which it resides, 
as well as on a fixed composition iu the substance of 
the living tissue. 

The capacity of growth in a living tissue is de- 
termined by the immediate contact with mslten 
odapted to a certain decomposition, or the elements 
of which are capable of becoming componttnt parts of 
the tissue in which vitality resides. 

The phenomenon of growth, or increase in the 
mass, presupposes that ttie acting vital force is more 
powerful than the resistance which the chemical 
force opposes to the decomposition or transformation 
of the elements of the food. 

The manifestations of the vital force are depen- 
dent on a certain temperature. Neither in a plant 
nor in an animal do vital phenomena occur when the 
temperature is lowered to a certain extent. 
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The phenotnena of vitality in a living organism 
diminish in intensity when heat is abstracted, 
provided the lost heat be not restored by other 






Deprivation of food soon puts a stop to all mani- 
festations of vitality. 

The contact of the living tissues with the ele- 
ments of nutrition is determined in the auimal body 
by a mechanical force produced within the body, 
which gives to certain organs the power of causing 
change of place, of producing motion, and of over- 
coming mechanical resistance. 

We may communicate motion to a body at rest 
by means of a number of forces, very different in 
their manifestations. Thus, a time-piece may be 
set in motion by a falling weight (gravitation), or 
by a bent spring (elasiictly). Every kind of motion 
may be produced by the electric or magnetic force, 
as well as by chemical attraction ; while we cannot 
say, as long as we only consider the manifestation of 
these forces in the phenomenon or result produced, 
which of these various causes of change of place has 
set the body in motion. 

In the animal organism we are acquainted with 
only one cause of motion ; and this is the same 
cause which determines the growth of living tissues, 
and gives them the power of resistance to external 



agencies 



it is the vital force. 



In order to aitain a clear conception of these 
manifestations of the vita! force, so different in 
I form, we must bear in miud, that every knowQ 
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force is recognized by two conditions of acti\rity, 
entirely different in the phenomena they offer to the 
attention of the observer. 

The force of gravitation inherent in the particles 
of a stone, gives to them a continual tendency to 
move towards the centre of the earth. 

This effect of gravitation becomes inappreciable 
to the senses when the stone, for example, rests 
upon & table,, the particles of which oppose a resist- 
ance to the manifestation of its gravitation. The 
force of gravity, however,, is constantly present, and 
manifests itself as a pressure on the supporting 
body ; but the stone remains at rest ; it has no mo- 
tion. The manifestation of gravity in the state of 
rest we call its weight. 

That which prevents the stone from falling is a 
resistance produced by the force of attraction, by 
which the particles of the wood cohere together ; 
a mass of watqr would not prevent the fall of the 
stone. 

If the force which impelled the mass of the stone 
towards,4he centre of the earth were greater than 
the force of cohesion in the particles of the wood, 
the latter would be overcome ; it would be unable 
to prevent the fall of the stone. 

When we remove the support, and with* it the 
force which has prevented the manifestation of the 
force of gravity, the latter at once appears as the 
cause of change of place in the stone, which ac- 
quires motion, or falls. Resistance is invariably the 
result of a force in action. 
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According as the stone is allowed to fall during a 
longer or shorter time, it acquires properties which 
it had not while at rest ; it acquires, for example, 
the power of overcoming more feeble or more ^w- 
erful obstacles, or that of communicating motion to 
bodies in a state of rest. 

If it fall from a certain height it makes a perma- 
nent impression on the spot on which it falls ; if 
it fall from a still greater height (during a longer 
time) it perforates the table ; its own motion is 
communicated to a certain number of the particles 
of the wood which now fall along with the stone 
itself. The stone, while at rest, possessed none of 
these properties. 

The velocity of the falling body is always the 
effect of the moving force, and is, ceteris paribus, 
proportional to the force of gravitation. 

A body, falling freely, acquires at the end of one 
second a velocity of 30 feet. The same body, if 
falling on the moon, would acquire in one second 
only a velocity of ^V^s of a foot=l inch, because, 
in the moon, the intensity of gravitation (the pressure 
acting on the body, the moving power) is 360 times 
smaller. 

If the pressure continue uniform, the velocity is 
directly porportional to it ; so that, for example, 
the body falling 360 times slower, will, after 300 
seconds, have the same velocity as the other body 
after one second. 

Consequently, the effect is proportional, not to 
the moving force alone, nor to the time alone, but 
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to the pressure multiplied into the timCi which is 
called tlie momentufn of farce. 

In two equal masses the velocity expresses the 
moroemtum of force. But under the same pressare 
a body moves more slowly as its mass is greater ; a 
mass twice as great requires, in order to attain in 
fhe same time an equal velocity, twice the pressure ; 
or, under the single pressure, it must continue in 
motion twice as long. 

In order, therefore, to have an expression for the 
whole effect produced, we must multiply the mass 
into the velocity. This product is called the amount 
of motion. 

The amount of motion in a given body must in 
all cases correspond exactly to the momentum of 
force. 

These two, the amount of motion and the 
momentum of force, are also called simply force; 
because we suppose that a less pressure acting, 
for example, during 10 seconds, is equal to a pres- 
sure ten times greater, acting only during one se- 
cond. 

The momentum ofm,otion in mechanics signifies 
the effect of a moving force, without reference to 
the time (velocity) in which it was manifested. If 
one man, for example, raises 30 lbs. to a height of 
100 feet, and a second one 30 lbs. to a height of 
200 feet, then the latter has expended twice as 
much force as the former. A third who raises 
60 lbs. to a height of 50 feet, expends no more force 
than the first did in raising 30 lbs. to the height of 
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100 feet. The momentum of motion of the first 
(30x100) is equal to that of the third (60x50) 
while that of the second (30x200) is twice as 
great. 

Momentum of force and momentum of motion 
in mechanics are therefore expressions or measures 
for eflfects of force, having reference to the velocity 
attained in a given time, or to a given space ; and 
in this sense may be applied to the effects of all 
other causes of motion, or of change in form and 
structure, however great or however small may be 
the space or the time in which their effects are dis- 
played to the senses. 

Every force, therefore, exhibits itself in mat- 
ter either in the form of resistance to external 
causes of motion, or of change in form and struc- 
ture; or as a moving force when no resistance 
is opposed to it; or finally, in overcoming re- 
sistance. 

One and the same force communicates motion 
and destroys motion ; ' the former when its manifes- 
tations are opposed by no resistance; the latter, 
when it puts a stop to the manifestation of some 
other cause of motion, or of change in form and 
structure. Equilibrium or rest is that state of 
activity in which one force or momentum of motion 
is destroyed by an opposite force or momentum of 
motion. 

We obsesve both these manifestations of activity 
in that force which gives to the living tissues their 
peculiar properties. 
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The vital force appears as a moving force or 
cause of motion when it overcomes the chemical 
forces (cohesion and afBnily} which act between the 
constituents of food, and when it changes the posi- 
tion or place in which their elements occur; it is 
manifested as a cause of motion in overcoming the 
chemical attraction of ihe constituents of food, 
and is, further, the cause which compels them to 
combine in a new arrangement, and to assume new 
forms. 

It is plain that a part of the animal body pos- 
sessed of vitality, which has therefore the power of 
overcoming resistance, and of giving motion to the 
elementary particles of the food, by meaus of the 
vital force manifested in itself must have a mo- 
mentum of motion, which is nothing else than the 
measure of the resulting motion or change in form 
and stniclure. 

We know that this momentum of motion in the 
vita! force, residing in a living part, may be em- 
ployed in giving motion to bodies at rest, (that is, 
in causing decomposition, or overcoming resist- 
ance,) and if the vital force is analogous in its 
manifestations to other forces, this momentum of 
motion must be capable of being conveyed or com- 
municated by matters, which in themselves do not 
destroy its effect by an opposite manifestation of 
force. 

Motion, by whatever cause produced, cannot ia 
itself be annihilated ; it may indeed become inap- 
preciable to the senses, but even when arrested by 
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resistance (by the manifestation of an opposite 
force), its effect is not annihilated. The falling 
stone, by means of the amount of motion acquired 
in its descent, produces an effect when it reaches 
the table. The impression made on the wood, the 
velocity communicated by its parts to those of the 
woody — all this is its effect 

If we transfer the conceptions of motion, equi- 
librium, and resistance, to the chemical forces, 
which, in their modus operandi, approach to the 
vital force infinitely nearer than gravitation does, 
we know with the utmost certainty, that they are 
active only in the case of immediate contact. We 
know also, that the unequal capacity of chemical 
compounds to offer resistance to external disturbing 
influences, to those of heat, or of electricity, which 
tend to separate their particles, as well as their 
power of overcoming resistance in other compounds 
(of causing decomposition) ; that, in a word, the 
active force in a compound depends on a certain 
order or arrangement, in which its elementary par- 
ticles touch each other. 

The same elements, united in a different order, 
when in contact with other compounds, exert a 
most unequal power of oflfering or overcoming re- 
siftance. In one form the force manifested is 
available (the body is active, an acid, for example) ; 
in another not (the body is indifferent, neutral) ; in 
a third form, the momentum of force is opposed to 
that of the first (the body is active, but a base), 

18 



206 THE PHENOMENA OF MOTION 

If we alter the arrangement of the elements, we are 
able to separate the constituents of a compound by 
means of another active body ; while the same ele^ 
mcntSy united in their original order, would have 
opposed an invincible resistance to the action of the 
decomposing agent. 

In the same way as two equal inelastic masses, 
impelled with equal velocity from opposite points, 
on coming into contact are brought to rest ; in the 
same way, therefore, as two equal and opposite mo* 
menta of motion mutually destroy each other; so 
may the momentum of force in a chemical com- 
pound be destroyed in whole or in part by an equal 
or unequal, and opposite momentum of force in a 
second compound. But it cannot be annihilated 
as long as the arrangement of the elementary 
particles, by which its inherent force was manifested, 
is not changed. 

The chemical force of sulphuric acid is present 
in sulphate of lime as entire as in oil of vitriol. It 
is not appreciable by the senses ; but if the cause 
be removed which prevented its manifestation, it 
appears in its full force in the compound in which it 
properly resides. 

Thus the force of cohesion in a solid may disap- 
pear, to the senses, from the action of a chemical 
force (in solution), or of heat (in fusion), without 
being in reality annihilated or even weakened. If 

■ 

we remove the opposing force or resistance, the force 
of cohesion appears unchanged in crystallization. 
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By means of the electrical force, or that of heat* 
we can give the most varied directions to the mani- 
festations of chemical force. By these means we 
can fix, as it were, the order in which the elemen- 
tary particles shall unite. Let us remove the cause 
(heat or electricity) which has turned the balance 
in favour of the weaker attraction in one direction, 
and the stronger attraction will shew itself continu- 
ally active in another direction ; and if this stronger 
attraction can overcome the vis inertia) of the ele- 
mentary particles, they will unite in a new form, 
and a new compound of different properties must 
be the result 

In compounds of this kind, in which, therefore, 
the free manifestation of the chemical force has 
been impeded by other forces, a blow, or mechanical 
friction, or the contact of a substance, the particles 
of which are in a state of motion (decomposition, 
transformation), or any external cause, whose ac- 
tivity is added to the stronger attraction of the ele- 
mentary particles in another direction, may suffice 
to give the preponderance to this stronger attrac- 
tion, to overcome the vis inertise, to alter the form 
and structure of the compound, which are the 
resnit of foreign causes, and to produce the resolu- 
tion of the compound into one or more new com- 
pounds with altered properties. 
■ Transformations, or as they may be called, phe- 
nomena of motion, in compounds of this class, may 
be effected by means of the free and available 
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chemical force of aaother chemical componnd, 
that without its manifestation being enfeebled or 
arrested by resistance. Thus the equilibrium in the 
attraction between the elements of cane-sugar is 
destroyed by contact with a very small quantity of 
sulphuric acid, and it is converted into grape-sugar. 
In the same way we see the elements of starch, 
imder the same influence, arrange themselves with 
those of water in a new form, while the sulphuric 
acid, which has served to produce these transforma- 
tions, loses nothing of its chemical character. In 
regard to other substances on which it acts, it 
remains as active as before, exactly as if it had 
exerted no sort of influence on the cane-sugar or 
starch. 

In contradistinction to the manifestations of the 
so-called mechanical forces, we have recognized in 
the chemical forces causes of motion and of change 
in form and structure, without any observable ex- 
haustion of the force by which these phenomena 
are produced ; but the origin of the continued 
manifestation of activity remains still the same i it 
is the absence of an opposite force (a resistance] 
capable of neutralizing it or bringing it into the state 
of equilibrium. 

As the manifestations of chemical forces (the 
momentum of force in a chemical compound) seem 
to depend on a certain order in which the elemen- 
tary particles are uniled together, so experience 
tells us, that the vital phenomena are inseparabW 
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from matter ; that the manifestations of the vital 
force in a living part are determined by a certain 
form of that part, and by a certain arrangement of 
its elementary particles. If we destroy the form, or 
alter the composition of the organ, all manifesta- 
tions of vitality disappear. 

There is nothing to prevent us from considering 
the vital force as a peculiar property, which is pos- 
sessed by certain material bodies, and becomes sen- 
sible when their elementary particles are combined 
in a certain arrangement or form. 

This supposition takes from the vital phenomena 
nothing of their wonderful peculiarity ; it may 
therefore be considered as a resting point, from 
which an investigation into these phenomena, and 
the laws which regulate them, may be commenced ; 
exactly as we consider the properties and laws of 
light to be dependant on a certain luminiferous 
matter, or other, which has no further connection 
with the laws ascertained by investigation. 

Considered under this form, the vital force unites 
in its manifestations all the peculiarities of chemical 
forces, and of the not less wonderful cause, which 
we regard as the ultimate origin of electrical phe- 
nomena. 

The vital force does not act, like the force of gra- 
vitation or the magnetic force, at inJSnite distances, 
but, like chemical forces, it is active only in the 
case of immediate contact. It becomes sensible by 
means of an aggregation of material particles. 

18* 
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A living part acquires, on the above supposition, 
the capacity of offering and of overcoming re- 
sistance, by the combination of its elementary par- 
ticles in a certain form; and as long as its form 
and composition are not destroyed by opposing 
forces, it must retain its energy uninterrupted and 
unimpaired. 

When, by the act of manifestation of this energy 
in a living part, the elements of the food are made 
to unite in the same form and structure as the 
living organ possesses, then these elements acquire 
the same powers. By this combination, the vital 
force inherent in them is enabled to manifest itself 
freely, and may be applied in the same way as that 
of the previously existing tissue. 

If, now, we bear in mind, that all matters 
which serve as food to living organisms are com- 
pounds of two or more elements, which are kept 
together by certain chemical forces ; if we reflect 
that in the act of manifestation of force in a liv- 
ing tissue, the elements of the food are made to 
combine in a new order; — it is quite certain that 
the momentum of force or of motion in the vital 
force was more powerful than the chemical attrac- 
tion existing between the elements of the food,* 

* The hands of a man, who raises with a rope and simple 
pulley, 301bs. to the height of 100 feet, pass over a space of 
100 feet, while his muscular energy furnishes the equilibrium to a 
pressure of 301bs. Were the force which the man could exert 
not greater than would suffice to keep in equilibriuma pressure of 
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The chemical force which kept the elements to- 
gether acted as a resistance, which was overcome 
by the active vital force. 

Had both forces been equal, no kind of sensible 
effect would have ensued. Had the chemical force 
been the stronger, the living part would have under- 
gone a change. 

If we now suppose that a certain amount of vital 
force must have been expended in bringing to an 
equilibrium the chemical force, there must still re- 
main an excess of force, by which the decompo- 
sition was effected. This excess constitutes the 
momentum of force in the living part, by means of 
which the change was produced ; by means of this 
excess the part acquires a permanent power of 
causing further decompositions, and of retaining its 
condition, form, and structure, in opposition to exter- 
nal agencies. 

We may imagine this excess to be removed, and 
employed in some other form. This would not of 
itself endanger the existence of the living part, 
because the opposing forces would be left in cqui- 
librio ; but, by the removal of the excess of force, the 
part would lose its capacity of growth, its power to 
cause further decompositions, and its ability to re- 
sist external causes of change. If, in this state of 
equilibrium, oxygen (a chemical agent) should be 
brought in contact with it, then there would be no 

30 lbs., he would be unable to raise the weight to the height men- 
tioned. 



212 THE PHENOMENA OP MOTION 

resistance to the tendency of the oxygen to combine 
with some element of the living part, because its 
power of resistance has been taken away by some 
other application of its excess of vital force. Ac- 
cording to the amount of oxygen brought to it, a 
certain proportion of the living part would lose its 
condition of vitality, and take the form of a che- 
mical combination, having a composition different 
from that of the living tissue. In a word, there 
would occur a change in the properties of the living 
compound, or what we have called a change of 
matter. 

If we reflect that the capacity of growth or 
increase of mass in plants is almost unlimited ; that 
a hundred twigs from a willow tree, if placed in the 
soil, become a hundred trees ; we can hardly enter- 
tain a doubt, that with the combination of the ele- 
ments of the food of the plant so as to form a part 
of it, a fresh momentum of force is added in the 
newly formed part to the previously existing mo- 
mentum in the plant; insomuch, that with the in- 
crease of mass, the sum of vital force is augmented. 

According to the amount of available vital force, 
the products formed by its activity from the food 
are varied. The composition of the buds, of the 
radical fibres, of the leaf, of the flowfer, and of the 
fruit, are very different one from the other ; and 
the chemical force by which their elements are held 
together is very different in each of these cases. 

Of the non-azotised constituents of plants we 
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may asserti that no part of the momentum of force 
is expended in maintaining their form and structurey 
when their elements have once combined in that or- 
der in which they become parts of organs endued with 
vitality. 

Very different is the character of the azotised 
vegetable principles; for, when separated from the 
planty they pass, as is commonly said, spontaneously, 
into fermentation and putrefaction. The cause of 
this decomposition or transformation of their elements 
is the chemical action which the oxygen of the atmo- 
sphere exercises on one of their constituents. Now 
we know, that as long as the plant exhibits the phe- 
nomena of life, oxygen gas is given off from its sur- 
face; that this oxygen is altogether without action 
on the constituents of the living plant, for which, in 
other circumstances, it has the strongest attraction. 
It is obvious, therefore, that a certain amount of 
vital force must be expended, partly to retain the 
elements of the complex azotised principles in the 
form, order, and structure which belong to them ; 
and partly as a means of resistance against the in- 
cessant tendency of the oxygen of the atmosphere 
to act on their elements, as well as asrainst that of the 
oxygen separated in the organism of the plant by the 
vital process. 

With the increase of these easily altered com- 
pounds, in the flower and in the fruit, for example, 
the sum of chemical force (the free manifestation 
of which, counteracted by an equal measure of vital 
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force, is employed to furnish resistance) also in- 
creases. 

The plant increases in mass until the vital force 
inherent in it comes into equilibrium with all the other 
causes opposed to its manifestation. From this 
period, every new cause of disturbance, added to 
those previously existing (a change of temperature, 
for example), deprives it of the power of offering re^ 
sistance, and it dies down. 

In perennial plants (in trees, for example), the mass 
of the easily decomposable ^ (azotised) compounds, 
compared with that of the non-azotised, is so small, 
that of the whole sum of force, only a minimum is 
expended as resistance. In animals, this proportion 
is reversed. 

During every period of the life of a plant, the avail-* 
able vital force (that which is not neutralized by resis- 
tance) is expended only in one form of vital manifes- 
tation, that of growth or increase of mass, or the 
overcoming of resistance. No part of this force is ap- 
plied to other purposes. 

In the animal organism, the vital force exhibits it- 
self, as in the plant, in the form of the capacity of 
growth, and as the means of resistance to external 
agencies ; but both of these manifestations are con- 
fined within certain limits. 

We observe in animals, that the conversion of 
food into blood, and the contact of the blood with 
the living tissues, are determined by a mechanical 
force, whose manifestation proceeds firom distinct 
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organs, and is effected by a distinct system of or- 
gans, possessing the property of communicating and 
extending the motion which they receive. We find 
the power of the animal to change its place and to 
produce mechanical effects by means of its limbs, 
dependant on a second similar system of organs or 
apparatus. Both of these systems of apparatus, as 
well as the phenomena of motion proceeding from 
them, are wanting in plants. 

In order to form a clear conception of the origin 
and source of the mechanical motions in the animal 
body, it may be advantageous to reflect on the mo- 
dus operandi of other forces, which in their mani- 
festations are most closely allied to the vital force. 

When a number of plates of zinc and copper, 
arranged in a certain order, are brought into con- 
tact with an acid, and when the extremities of the 
apparatus are joined by means of a metallic wire, a 
chemical action begins at the surface of the plates 
of zinc, and the wire, in consequence of this action, 
acquires the most singular and wonderful properties. 

The wire appears as the carrier or conductor of a 
force, which may be conducted and communicated 
through it in every direction with amazing velocity. 
It is the conductor or propagator of an uninterrupted 
series of manifestations of activity. 

Such a propagation of motion is inconceivable, if 
in the wire there were a resistance to be overcome ; 
for every resistance would convert a part of the 
ftioving force into a force at rest. 
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When the wire is divided in the middle^ and 
its continuity interrupted, the propagation of force 
ceases, and we observe, that in this case the action 
betvreen the zdnc and the acid is immediately 
stopped. 

If the communication be restored, the action 
which had disappeared reappears with all its origi- 
nal energy. 

By means of the force present in the wire, we 
can produce the most varied effects; we can over- 
come all kinds of resistance, raise weights, set ships 
in motion, &c. And, what is still more remarkable, 
the wire acts as a hollow tube, in which a current 
of chemical force circulates freely and without hin^ 
drance. 

Those properties which, when firmly attached to 
certain bodies, we call the strongest and most ener- 
getic affinities, we find, to all appearance, free and 
uncombined in the wire. We can transport them 
from the wire to other bodies, and thereby give to 
them an affinity (a power of entering into combina- 
tion) which in themselves they do not possess. Ac- 
cording to the amount of force circulating in the 
wire, we are able by means of it to decompose com- 
pounds, the elements of which have the strongest 
attraction for each other. Yet the substance of the 
wire takes not the smallest share in all these mani- 
festations of force ; it is merely the conductor of 
force. 

We observe, further, in this wire, phenomena of 
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attraction and repulsion, which we must ascribe to 
the disturbance of the equilibrium in the electric 
or magnetic force; and when this equilibrium is 
restored, the restoration is accompanied by the de- 
velopement of light and heat, its never-failing com- 
panions. 

All these remarkable phenomena are produced by 
the chemical action which the zinc and the acid exert 
on each other ; they are accompanied by a change in 
form and structure, which both undergo. 

The acid loses its chemical character; the zinc 
enters into combination with it. The manifestations 
of force produced in the wire are the immediate 
consequence of the change in the properties of the 
acid and the metal. 

One particle of acid after another loses its pecu- 
liar chemical character ; and we perceive that in 
the same proportion the wire acquires a chemical, 
mechanical, galvanic, or magnetic force, whatever 
name be given to it. According to the number of 
acid particles which in a given time undergo this 
change, that is, according to the surface of the zinc, 
the wire receives a greater or less amount of these 
forces. 

The continuance of the current of force depends 
on the duration of the chemical action ; and the dura- 
tion of the latter is most closelv connected with the 
carrying away, by conduction, of the force. 

If we check the propagation of the current of 
force, the acid retains its chemical character. If 

19 
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we employ it to overcome cliemical or mechairied 1 

resistance, to decompose chemical compounds, or 

to produce motion, the chemical action continues ; 

that is lo say, one particle of acid after another 

chaDges its properties. 

In tlie preceding paragraphs we have considered 
these remarkable phenomena in a form which is 
independent of the explanations of the schools. Is 
the furce which circulates in the wire the electrical 
force ? Is it chemical affinity ? Is it propagated 
in the conductor like a fluid set in motion, or in 
the form of a series of momenta of motion, like 
light and sound, from one particle of the conductor 
to another? All this we know not, and we shall 
never know. All the suppositions which may be 
employed as explanations of the phenomena have 
not the slightest influence on the truth of these 
phenomena ; for they refer merely to the form in 
which they are manifested. 

On some points, however, there is no doubt; 
namely, that all the effects which may be produced 
by the wire are determined by the change of pK^ 
perties in the zinc and in the acid ; for the term 
"chemic£(l action" signifies neither more nor less 
than the act of change in ihcm ; that these eli>;cts 
depend on the presence of a conductor, of a sub- 
stance which propagates in al! directions, where it 
is not neutralized by resistance, the force or mo- 
mentum produced ; that this force becomes a. mo- 
mentuna of motion, by means of which we ciia [vt^ 
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duce mechanical effects, and which, when transferred to 
other bodies, communicates to them all those proper* 
ties* the ultimate cause of which is the chemical force 
itself; for these bodies acquire the power of causing 
decompositions and combinations, such as, without a 
supply of force through the conductor, they could not 
efiect 

If we employ these well-known facts as means to 
assist us in investigating the ultimate cause of the me- 
chanical effects in the animal organism, observation 
teaches us, that the motion of the blood and of the 
other animal fluids proceeds from distinct organs 
which, as in the case of the heart and intestines, do not 
generate the moving power in themselves, but receive 
it from other quarters. 

We know with certainty that the jierves are the 
conductors and propagators of mechanical effects ; 
we know, that by means of them motion is propa- 
gated in all directions. For each motion we recog- 
nize a separate nerve, a peculiar conductor, with 
the conducting power of which, or with its interrup- 
tion« the propagation of motion is affected or de- 
stroyed. 

By means of the nerves all parts of the body, 
all the limbs, receive the moving force which is in- 
dispensable to their functions, to change of place, 
to the production of mechanical effects. Where 
nerves are not found, motion does not occur. The 
excess of force generated in one place is conducted 
to other parts by the nerves. The force which one 
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organ cannot produce in itself is conveyed to it frMn 
other quarters ; and Ihe vital force which is wanting 
to it, in order to furnish resistance to external causes 
of disturbance, it receives iii the form of excess from 
another organ, an excess which that organ cannot con- 
sume in itself. 

We observe further, that the voluntary and in- 
voluntary motions, in other words, all mechanical ef- 
fects in Ihe animal organism, are accompanied by, 
nay, are dependant on, a peculiar change of form and 
structure in the substance of certain living parts, the 
increase or diminution of which change stands id 
ihe very closest relation to the measure of motion, or 
the amount of force consumed in the molioos per- 
formed. 

As an immediate effect of the manifestatioD of 
mechanical force, we see, that a part of the mus- 
cular substance loses its vital properties, its cha- 
racter of life ; that this portion separates from the 
Kving part, and loses its capacity of growth and its 
power of resistance. We find that this change of 
properties is accompanied by the entrance of a 
foreign body (oxygen) into the composition of the 
muscular fibre (just as the acid lost its chemical 
character by combining with zinc :) and all experi- 
ence proves, that this conversion of living muscular 
fibre into compounds destitute of vitality is accele- 
rated or retarded according lo the amount of force 
employed to produce motion. Nay, it may safely 
affirmed, that they are mutually proportkiB4''| 
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that a rapid transforination of muscular fibre, or, as 
it may be called, a rapid change of matter, deter- 
mines a greater amount of mechanical force; and 
conversely, that a greater amount of mechanical 
motion (of mechanical force expended in motion) 
determines a more rapid change of matter. 

From this decided relation between the change 
of matter in the animal body and the force con- 
sumed in mechanical motion, no other conclusion 
can be drawn but this, that the active or available 
vital force in certain living parts is the cause of the 
mechanical phenomena in the animal organism. 

The moving force certainly proceeds from living 
parts; these parts possessed a momentum of force 
or of motion, which they lost in proportion as other 
parts acquired a momentum of force or of motion ; 
they lose their capacity of growth, and their power 
to resist external causes of change. It is obvious 
that the ultimate cause, the vital force, from which 
they acquired these properties, has served for the 
production of mechanical force, that is, has been 
expended in the shape of motion. 

How, indeed, could we conceive that a living part 
should lose the condition of life, should become in- 
capable of resisting the action of the oxygen con- 
veyed to it by the arterial blood, and should be 
deprived of the power to overcome chemical re- 
sistance, unless the momentum of the vital force, 
which had given to it all these properties, had been 
expended for other purposes? 

19* 
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By the power ol the conductors, the nerves "to- 
propagate the momentum of force in a living part, 
or the effect which the active vita! force inherent in 
the part produces on all the surrounding parts, in 
all directions where the force, or rather its mo- 
nientum of molion, is consumed without resistance 
(for without motion no change of matter occurs, 
and when motion has begun, there is no longer re- 
sistance), an equilibrium is obviously established in 
the living part, between the chemical forces and 
the remaining vital force ; which equiUbrium would 
not have occurred had not vita! force been expended 
in producing mechanical motion. 

In this stale, any external cause capable of ex- 
erting an influence on the form, structure, and com- 
position of the organ meets with no further re- 
sistance. If oxygen were not conveyed to it, the 
organ would maintain its condition, but without any 
manifestation of vitality. It is only with the com- 
mencement of chemical action that the change of 
matter, that is, the separation of a part of the organ 
in the form of lifeless compounds, begins. 

The change of matter, the manifestation of me- 
chanical force, and the absorption of oxygen, are, in 
the animal body, so closely connected with each 
other, that we may consider the amount of motion, 
and the quantity of hving tissue transformed, as 
proportional to the quantity of oxygen inspired and 
consumed in a given time by the animal. For a 
oeitaio amount of motion, for a certain propovlini 
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of vital force consumed as mechanical force, an 
equivalent of chemical force is manifested ; that is, 
an equivalent of oxygen enters into combination 
with the substance of the organ which has lost the 
vital force ; and a corresponding proportion of the 
substance of the organ is separated from the living 
tissue in the shape of an oxidised compound. 

Ail those parts of the body which nature has 
destined to effect the change of matter, that is, to 
the production of mechanical force, are penetrated 
in all directions by a multitude of the most minute 
tubes or vessels, in which a current of oxygen con- 
tinually circulates, in the form of arterial blood. 
To the above-mentioned separation of part of the 
elements of these parts, in other words, to the dis- 
turbance of their equilibrium, this oxygen is abso- 
lutely essential. 

As long as the vital force of these parts is not 
conducted away and applied to other purposes, the 
oxygen of the arterial blood has not the slightest 
effect on the substance of the organized parts ; and 
in all cases, only so much oxygen is taken up as 
corresponds to the conducting power, and, con- 
sequently, to the mechanical effects produced. 

The oxygen of the atmosphere is the proper, ac- 
tive, external cause of the waste of matter in the 
animal body ; it acts like a force which disturbs 
and tends to destroy the manifestation of the vital 
force at every moment. But its effect as a che« 
mical agent, the disturbance proceeding from it, is 
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held in equilibrium by the vital force, which 
and available in the living tissue, or is anDihilated 
by a chemical agency opposed to that of oxygen, 
the manifestation of which must be considered as 
dependant on the vital force. 

In chemical language, to annihilate the chemical 
action of oxygen, means, to present to it substances, 
or parts of organs, which are capable of combining 
■with it. ' 

The action of oxygen (affinity) is either neutra- 
haed by means of the elements of organized parts, 
which combine with it (after the free vital force haa 
been conducted away), or else the organ presents to 
it the products of other organs, or certain matters 
formed from the elements of the food, by the vital 
activity of certain systems of apparatus. 

It is only the muscular system which, in this 
sense, produces in itself a resistance to the che- 
mical action of oxygen, and neutralizes it com- 
pletely. 

The substance of cellular tissue, of mcmbraneSi 
and of the skin, the minutest particles of which are 
not in immediate contact with arterial blood (with 
oxygen), are not destined to undergo this change of 
matter. Whatever changes they may undergo in 
the vital process, aUcct, in all cases, only their 
surface. 

The gelatinous tissues, mucous membranes, ten- 
dons, &c., are not designed to produce mechanical 
force ; they contain in their substance no 
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ductors of mechanical effects. But the muscular 
system is interwoven with innumerable nerves. The 
substance of the uterus is in no respect different 
in chemical composition from the other muscles ; 
but it is not adapted to the change of matter, to 
the production of force, and contains no organs for 
conducting away the moving power. Cellular tis- 
sue, gelatinous membranes, and mucous membranes, 
are far from being destitute of the power of com- 
bining with oxygen, when moisture is present ; we 
know that, when moist, they cannot be brought in 
contact with oxygen without undergoing a progres- 
sive alteration. But one surface of the intestines 
and the cells of the lungs are constantly in contact 
with oxygen ; and it is obvious that they must be 
as rapidly altered by the chemical action of the 
oxygen in the body as out of it, were it not that 
there exists in the organism itself a source of resist- 
ance, which completely neutralizes the action of the 
oxygen. Among the means by which this resistance 
is furnished we may include all substances which 
are capable of combining with oxygen, or acquire 
that property under the influence of the vital 
force, and which surpass the tissues above men- 
tioned in their power of neutralizing its chemical ac- 
tion. 

All those constituents of the body which, in them- 
selves, do not possess, in the form of vital force, the 
power of resisting the action of oxygen, must be far 
better adapted for the purpose of combining with, and 



oeutmlizlog it, liian thoK Iibbike 'wdiicfa aire voderdie 
iiifliieiioe of tbe vital force, allfanngh imhr idnoogh the 
ti<;rvcf. lo this puiut of vlem^ 'wti camiai isal to per- 
ceive the importaace of the hik in ircgsntd Ao the lob- 
Htunce of the iuteEliiiefi, and thai irfltepnikmfTOary cells, 
as well as ttiat of fat, of xnucis, and «Mf ihe aecietioiis 

When the membraoes are cogyrilrwi Aom Am own 
substance to furnish resistanoe to tdie actioo of the 
oxygon, that is, when there is a de&deacy of the sdi- 
stunces destined by nature for their piote<^ian, they 
nuiHt, since their renewal is confined within narrow 
liauts, yield to the chemical action. The longs and 
intestines will always simultaneously soflfer afanormal 
clmnges. 

From the change of matter itself from the meta- 
morphosis of the living muscular tissue, these organs 
receive the means of resistance to the action of oxy- 
gen which are indispensable to their preservation. 
According to the rapidity of this process, the quanti- 
ty of bile secreted increases ; while that of the fiit 
present in the body diminishes in the same propor- 
tion. 

For carrying on the involuntary motions m the 
animal body, a certain amount of vital force is ex- 
pended at every moment of its existence ; and, con- 
sequently, an incessant change of matter goes on ; 
but the amount of living tissue, which, in conse- 
quence of this form of consumption of vital force, 
loses its condition of life and its capacity of growth, 
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• confined within narrow limits. It is directly pro- 
wrtional to the force required for these involuntary 
notions. 

Now, although we may suppose that the living mus- 
clar tissue, with a sufficient supply of food, never 
Mas its capacity of growth ; that this form of vital 
naoifestation is continually effective ; this cannot ap- 
aly to those parts of the body whose avail «nble vital 
brce has been expended in producing mechanical ef- 
bcts. For the waste of matter, in consequence of 
(notion and laborious exertion, is extremely various in 
lifierent individuals. 

If we reflect, that the slightest motion of a finger 
BODSumes force ; that in consequence of the force 
Bxpended, a corresponding portion of muscle dimi- 
niflhes in volume ; it is obvious, that an equilibrium 
between supply and v>aste of matter (in living tissues) 
can only occur when the portion separated or ex- 
pelled in a lifeless form is, at the same instant in 
which it loses its vital condition, restored in another 
part. 

The capacity of growth or increase in mass de- 
pends on the momentum of force belonging to each 
part; and roust be capable of continued manifesta- 
tion (if there be a sufficient supply of nourishment), 
as long as it does not lose this momentum, by expend- 
ing it, for example, in producing motion. 

In all circumstances, the growth itself is restricted 
to tlie time : that is to say, it cannot be unlimited in a 
limited time. 
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A living part cannot increase in volume at the 
same moment in which a portion of it loses the 
vital condition, and is expelled from the organ in 
the form of a lifeless compound; on the contrary, 
its volume must diminish. 

The continued application of the momentum of 
force in living tissues to mechanical effects deter- 
mines, therefore, a continued separation of matter; 
and only from the period at which the cause of 
waste ceases to operate, can the capacity of growth 
be manifested. 

Now, since, in different individuals, according to 
the amount of force consumed in producing volun- 
tary mechanical effects, unequal quantities of living 
tissue are wasted, there must occur, in every indi- 
vidual, unless the phenomena of motion are to cease 
entirely, a condition in which all voluntary mo- 
tions are completely checked, in which, therefore^ 
these occasion no waste. This condition is called 
sleep. 

The growth of one part, which is not deprived of 
its vital force, cannot be in the slightest degree 
affected by the consumption of the vital force of 
another part in producing motion. The one may 
increase in volume, while the other diminishes ; and 
the waste in one can neither increase nor diminish 
the supply in the other. 

Now, since the consumption of force for the ift- 
voluntary motions continues in sleep, it is plain that 
a waste of matter also continues in that state ; and 
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ff Uie original equilibrium is to be restored, we must 
suppose that, during sleep, an amount of force is 
accumulated in the form of living tissue, exactly 
equal to that which was consumed in voluntary and 
involuntary motion during the preceding waking 
period. 

If the equilibrium between waste and supply of 
matter be in the least degree disturbed, this is in- 
stantly seen in the different amount of force available 
for mechanical purposes. 

It is further obvious, that if there should occur a 
disproportion between the conducting power of the 
nerves of voluntary and involuntary motion, a dif- 
ference in the phenomena of motion themselves 
will be perceptible, in the same proportion as the 
<Hie or the other is capable of propagating the 
momentum of force, generated by the change of 
matter. As the motions of the circulating system 
and of the intestines increase, the power of pro- 
ducing mechanical effects in the limbs must dimi- 
nish in the same proportion (as in wasting fevers) ; 
and if, in a given time, more vital force has been 
consumed for mechanical purposes (labour, running, 
dancing, &c.) than is properly available for the vo- 
luntary and involuntary motions ; if force be ex- 
pended more rapidly than the change of matter can 
be effected in the same time ; then a part of that 
force which is necessary for the involuntary mo- 
tions must be expended in restoring the excess of 
force consumed in voluntary motion. The motions 
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are tenned fnnlpBs, sTnoopc; aai fpwm Fu»- 
Ijnif of the nerres erf* inDnHanr BBOtioB Dar exist 
withool eonciaitioo ; bat tujCLJlIf l e uunkg il- 
tadks of epflepfjr (in whtcb Ytfal ftece b rapidly 
wasted m prodocii^ medbanKal cflects) are alwayi 
acccMnpanied by remarfcably lafad fwufiatin a. 

It oaght to excite the highest admiiatiOB when 
we consider with what i^ifiiiite wisdon the Creator 
has divided the means by which anitnab and plants 
are qualified for their foncticNis, for their peculiar Yital 
manifestations. 

The living part of a plant acqnires the whole force 
and direction of its vital eneigy from the absence of 
all conductors of force. By this means the leaf is 
enabled to overcome the strongest chemical attrao- 
tionsy to decompose carbonic acid, and to assimilate 
the olcments of its nourishment 

In tho flower alone does a process similar to the 
change of matter in the animal body occur. There, 
phonomona of motion appear; but the mechanical 
oflTocts are not propagated to a distance, owing to the 
Absence of conductors offeree. 

The same vital force which we recognize in the 
plant as an almost unlimited capacity of growth, 
J» converted in the animal body into moving 
P^^or (into a current of vital force) ; and a most 
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wonderful and wise economy has destined for the 
nourishment of the animal only such compounds as 
have a composition identical with that of the organs 
which generate force, that is, with the muscular tis- 
sue. The expenditure of force which the living parts 
of animals require, in order to reproduce themselves 
from the blood ; the resistance of the chemical force 
which has to be overcome in the azotised constituents 
of food by the vital agency of the organs destined to 
convert them into blood ; these arc as nothing com- 
pared to the force with which the elements of car- 
bonic acid are held together. A certain amount 
of force would necessarily be prevented from as- 
snniing the form of moving power, if it were to be 
expended in overcoming chemical resistance ; for 
the momentum of motion of the vital force is diminish- 
ed by all obstacles. But the conversion of the con- 
slituents of blood into muscular fibre (Into an organ 
which generates force) is only a change of form. 
Both hcive the same composition ; blood is fluid, mus- 
cular fibre is solid blood. We may even suppose that 
this change takes place without any expenditure of 
vital force ; for the mere passage of a fluid body into 
the solid state requires no manifestation of force, but 
only the removal of obstacles, which oppose that force 
(cohesion,) which determines the form of matter, in its 
manifestations. 

In what form or in what manner the vital force 

(M'oduces mechanical effects in the animal body is 

. iltogether unknown, aqd i? as little to be ascer- 



fained by e»peri m e p t as the rrmnrrtwim of chemieal 
action with the pbeoooieiia of molun which we can 
produce with the galTanic batlerj. AH the expbna- 
tionf winch hare been attempted aie obI j lepresen- 
tationt o( the pheoomenoo ; the j aiCp BK>ie or kM» 
exact descriptionf and comparisons of known phe- 
nomena with these, whose cause is unknown. In 
this respect we are like an ignorant man. to whom 
the rise and faH of an iron rod in a cylinder, in which 
the eye can peroeiTe nothing, and its connection with 
the turning and motion of a thousand wheeb at a 
distance from the piston-rod, appear incomprehensi* 

Wo know not how a certain somethii^, inTisibb 
and imponderable in itself (heat), gives to certain 
bodies the power of exerting an enormous pressure 
on surrounding objects ; we know not even how this 
something itself is produced when we bum wood or 
coals. 

So is it with the vital foroe, and with the pheno* 
mena exhibited by living bodies. The cause of theie 
phenomena is not chemical force; it is not electric 
city, nor magnetism ; it is a force which has certain 
properties in common with all causes of motion 
and of change in form and structure in material sub- 
stances. It is a peculiar force, because it exhibits 
manifestations which are found in 1:10 othe? knonQ 
fovoe. 
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II. 

In' the living plant, the intensity of the vital force 
far exceeds that of the chemical action of oxygen. 

We know, with the utmost certainty, that, by 
the influence of the vital force, oxygen is separated 
from elements to which it has the strongest affinity ; 
thai it is given out in the gaseous form, without 
exerting the slightest action on the juices of the 
plant. 

How powerful, indeed, must the resistance ap- 
pear which the vital force supplies to leaves charged 
with oil of turpentine or tannic acid, when we con- 
sider the affinity of oxygen for these compounds ! 

This intensity of action or of resistance the plant 
obtains by means of the sun's light; the effect of 
which in chemical actions may be, and is, com- 
pared to that of a very high temperature (a mode- 
rate red heat.) 

During the night an opposite process goes on in 
the plant ; we see then that the constituents of the 
leaves and green parts combine with the oxygen of 
the air, a property which in daylight they did not 
possess. 

From these facts we can draw no other conclu- 
eion but this: that the intensitv of the vital force 
diminishes with the abstraction of light ; that- with 
the approach of night a state of equilibrium is esta- 
blishedy and that in complete darkness all those con- 

80* 
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stiluents of plants which, during the day, posseued 
the power of separating oxygen from chemical cot> 
bioations, and of resisting its action, lose this poner 
completely. 

A precisely similar phenomenon is observed a 
animals. 

The hving animal body exhibits its peculiar maiii' 
festations of vitality only at certain temperaHiKa 
When exposed to a certain degree of cold, tboM 
vital phenomena entirely cease. 

The abstraction of heat must, therefore, be vie««4 
as quite equivalent to a diminution of the Titd 
energy ; the resistance opposed by the vital forca to 
external causes of disturbance must diminish, in 
certain temperatures, in the game ratio ia which tht 
tendency of the elements of the body to cot&biw 
with the oxygen of the air increases. 

By the combination of oxygen with the cotiMi< 
tuents of the metamorphosed tissues, the leiopert- 
ture necessary to the manifestations of vitaUtj it 
produced in the carnivora. In the herbivora, again, 
a certain amount of heat is developed by means ef 
those elements of their non-azotised food which 
have the property of combining with oxygen. 

It is obvious that the temperature of an aiumal 
body caoDot change, if the amount of inspired oxy* 
gen increases in the same ratio as the loss of bul 
by external cooling. 

Two individuals, cainivora, of equal 
posed to unequal degrees uf cold, lose, ia «<j 




time, by external cooling, unequal quantities of 
heat Experience teachea. that if their peculiar tem- 
perature and their original weight are to remain unal- 
tered, they require unequal quantities of food; more in 
Ibe lower temperature than in the higher. 

The circumstance that the original weight remaina 
the same, with unequal quantities of food, obviously 
presupposes, that in the same time a quantity of 
oxygen proportioned to the temperature has been 
absorbed; more in the lower than in the higher 
temperature. 

We find that the weight of both individuals, at 
ihe end of 24 hours, is equal to the original weight. 
But we have assumed that their food is converted 
into blood; that the blood has served for nutrition ; 
and it is plain, that when the original weight has 
been restored, a quantity of the constituents of the 
body, equal in weight to those of the food, has lost 
ita condition of life, and has been expelled in combi- 
nation with oxygen. 

The one individual, which, being exposed to the 
lower temperature, consumed more food, has also ab- 
sorbed more oxygen ; a greater quantity of the con- 
stituents of its body has been separated in combina- 
tion with oxygen ; and, in consequence of this com- 
bisation with oxygen, a greater amount of heat has 
been liberated, by which means the heat abstracted 
has been restored, and the proper temperature of the 
body kept up. 

CoDsequently, by the abstraction of heat, provided 
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there be a full supply of food and free access of 
oxygen, the change of matter must be accelerated ; 
and, along with the augmented transformation, in a 
given time, of living tissues, a greater amount of 
vital force must be rendered available for mccba* 
nical purposes. 

With the external cooling, the respiratory mo- 
tions become stronger ; in a lower temperature more 
oxygen is conveyed to the blood ; the waste of mat- 
ter increases, and if the supply be not kept in equili- 
brium with this waste, by means of food, the tempera- 
ture of the body gradually sinks. 

But, in a given time, an unlimited supply of 
oxygen cannot be introduced into the body ; only a 
certain amount of living tissue can lose the state of 
life, and only a limited amount of vital force can be 
manifested in mechanical phenomena. It is only, 
therefore, when the cooling, the generation of force, 
and the absorption of oxygen are in equilibrium toge- 
ther, that the temperature of the body can remain 
unchanged. If the loss of heat by cooling go beyond 
a certain point, the vital phenomena diminish in the 
same ratio ; for (he temperature falls, and the tempe- 
rature must be considered as a uniform condition of 
their manifestation. 

Now experience teaches, that when the tempera- 
ture of the body sinks, the power of the limbs to 
produce mechanical effects (or the force necessary 
to the voluntary motions) is also diminished. Tho 
condition of sleep ensues, and at last even the iavo« 
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luntary motioDs (those of the heart snd iotcstiDes, 
for example) cease, and apparent death or syncope 
supervenes. 

It is obvious that the cause of the generation of 
force, namely the change of matter, is diminished, be* 
cause, with the abstraction of heat, as in the plant by 
abetraction of light, the intensity of the vital tbrce di- 
minishes. It is also obvious that the momentum of 
force in a living part depends on its proper tempera- 
ture ; exactly as the effect of a falling body stands in 
a fixed relation to certain other conditions ; for exam- 
ple, to the velocity attained in falling. 

When the temperature sinks, the vital energy 
diminishes; when it again rises, the momentum of 
force in the living parts appears once more in all iU 
original intensity. 

The production of force for mechanical purposes, 
Utd the temperature of the body, must, consequently, 
bear a fixed relation to the amount of oxygen which 
can be absorbed in a given time by the animal body. 

The quantities of oxygen which a whale and a car- 
rier's horse can inspire in a given time are very un- 
equal. The temperature, as well as the quantity of 
oxygen, is much greater in the horse. 

The force exerted by a whale, when struck with 
the harpoon, his body being supported by the sur- 
rounding medium, and the force exerted by a car- 
rier's horse, which carries its own weight and a 
heavy burden for eight or ten hours, must both bear 
. Uat same ratio to the oxygen consumed. If we 
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take into consideration the time during which the ' 
force is manifested, it is obvious that the amount of 
force developed by the horse is far greater than in 
the case of the whale. 

In climbing high mountains, where, in conse- 
quence of the respiration of a highly rarefied atmo- 
sphere, much less oxygen is conveyed to the blood, 
in equal times, than in valleys or at the level of the 
sea, the change of matter diminishes in the same 
ratio, and with it the amount of force available for 
mechanical purposes. For the most part, drowsiness 
and want of force for mechanical exertions come 
on ; after twenty or thirty steps, fatigue compels as 
to a fresh accumulation of force by means of rest 
(absorption of oxygen without waste of force in 
voluntary motions). 

By the absorption of oxygen into the substance 
of living tissues, these lose their condition of life, 
and are separated as lifeless, unorganised com* 
pounds ; but the whole of the inspired oxygen is not 
applied to these transformations: the greater part 
serves to convert into gas and vapour all matters 
which no longer belong to the organism ; and, as 
formerly mentioned, the combination of the ele< 
ments of such compounds with the oxygen produces 
the temperature proper to the animal organism. 

I^hc production of heat and the change of matter 
are closely related to each other : but although heat 
can be produced in the body without any change of 
matter in living tissues, yet the change of matter 
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cuiDOt be supposed to take place without the co-opera^ 
tion of oxygen. 

According to all the observations hitherto made, 
neither the expired air, nor the perspiration, nor the 
urine, contains any trace of alcohol, after indulgence 
in spirituous liquors ; and there can be no doubt that 
the elements of alcohol combine with oxygen in the 
body ; that its carbon and hydrogen are given off as 
carbonic acid and water. 

The oxygen which has accomplished this change 
must have been taken from the arterial blood ; for we 
know of no channel, save the circulation of the blood, 
by which oxygen can penetrate into the interior of the 
body. 

Owing to its volatility, and the ease with which 
its vapour permeates animal membranes and tissues, 
alcohol can spread throughout the body in all direc- 
tions. 

If the power of the elements of alcohol to com- 
bine with oxygen were not greater than that of the 
compounds formed by the change of matter, or that 
of the substance of living tissues, they (the elements 
of alcohol) could not combine with oxygen in the 
body. 

It is, consequently, obvious, that by the use of 
alcohol a limit must rapidly be put to the change 
of matter in certain parts of the body. The oxygen 
of the arterial blood, which, in the absence of alco- 
hol, would have combined with the matter of the 
liaaues, or with that formed by the metamorphosis 



210 TBB niKao] 



of thete tiffueSf now oombines witk the dements ci 
alcohol. The arterial blood becomes Teooos, without 
the substance of the muscles haTing taken any share 
ia the transformation* 

Now we observe, that the dcTelopement of beat in 
Xhtt body, after the use of wine, increases rather than 
diminishes* without the manifestation of a correspond* 
ui^{an(K>ttni of mechanical force. 

A nKNlcrate quantity of wine, in women and chil- 
^h^HH iMMicciKlocned to its use, produces, on the con- 
tsw^^ 4K iiiawMofimi of the force necessary for volun* 
Uit\« iiiiHii^ttsw Weerincss, feebleness in the limbs, 
iiitii «ixvw9ittifftk ptainiy shew that the ibrcc available 
for UHK'lliattu.cal purposes, in other words, the change 
^i UMiitM^ Ias been diminished. 

A diiciinution of the conducting power of the 
iior«C9 <>f voluntary motion may doubtless take a 
cortaiu share in producing these symptoms ; but this 
luusi be altogether without influence on the sum of 
avHiluble force. 

" tHfct the conductors of voluntary motion cannot 
CiUTv ;kway for effects of force, must be taken up by 
ttto uervt^a of involuntary motion, and conveyed to 
^•^* h<^rt^ lungs, and intestines. In this case, the 
^^'UXHU^fttKMi will appear accelerated at the expense of 
*w lvM\\^ available for voluntary motion; but, as 
>*<** W^lvMr^ i^markcd, without the production of a 
^tvsAU^^^ *«Vrt««| of mechanical force by the process 

"^ iSw*'*'*^ '"* ^*^ alcohol. 

^^'**^» >wi^ v4MiNrve» in hybemating animals, that» 
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during their winter sleep^ the capacity of increase in 
mass (one of the chief manifestations of the vital 
force), owing to the absence of food, is entirely sup- 
pressed* In several, apparent death occurs in con- 
sequence of the low temperature and of the diminu- 
tion of vital energy thus produced ; in others, the 
involuntary motions continue, and the animal pre- 
serves a temperature independent of the surround- 
ing temperature. The respirations go on; oxygen, 
the condition which determines the production of 
heat and force, is absorbed now as well as in the 
former state of the animal; and previous to the 
winter sleep, we find all those parts of their body, 
which in themselves are unable to furnish resistance 
to the action of the oxygen, and which, like the 
intestines and membranes, are not destined for the 
change of matter, covered with fat; that is, sur- 
rounded by a substance which supplies the want of 
resistance. 

If we now suppose, that the oxygen absorbed 
during the winter sleep combines, not with the ele- 
ments of living tissues, but with those of the fat, 
then the living part, although a certain momentum 
of inotion be expended in keeping up the circula- 
tion, will not be separated and expelled from the 
body. 

With the return of the higher temperature, the 
capacity of growth increases in the same ratio, and 
the motion of the blood increases with the absorp- 
tion of oxygen. Many of these animals become 
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emaciated dmvog Ae wiater rieep^ oAen not tSI 
after awakisg from it. 

In bybernating animah the adiTe ibrce of the 
fifing parts n exehisiTely deToted, dniag hjbeama- 
tioii, to the support of the inYohatitaaj motioos* The 
expenditnre of force in Tolontarj motioa is entirely 
suppressed. 

In contradistinction to these phenomena, "we 
know that, in the case of excess of moticm and 
exertion, the actire force in liiing parts may be 
exdiiisiyely and entirely coosiimed in producing 
Tcrfuntary mechanical efiects; in sacfawise that no 
force shall remain available for the inTohmtazy mo- 
tions. A stag may be hented to death; but this 
Cannot occur without the metamorjriions of aD the 
liying parts of its muscular system, and its flesh be- 
comes uneatable. The condition of metamorphosis 
into which it has been brought by an enormous 
consumption both of force and of oxygen continues 
when all phenomena of motion have ceased. In the 
living tissues, alt the resistance offered by the vital 
force to external agencies of change is entirely de* 
stroyed. 

But however closely the conditions of the produe* 
tion of heat and of force may seem to be counected 
together, with reference to mechanical eflfects, yet 
the disengagement of heat can in no way be consi- 
dered as in itself the only cause of these efiect& 

All experience ptoves, that there is, in the <»rgaB* 
itm, only one source of mechanical pow^ ; and this 
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source is the conversion of living parts into lifeless, 
amorphous compounds. 

Proceeding from this truth, which is independent 
of all theory, animal life may be viewed as deter- 
mined by the mutual action of opposed forces ; of 
which one class must be considered as causes of in^ 
crease (of supply of matter), and the other as causes 
of diminution (of waste of matter). 

The increase of mass is effected in living parts by 
the vital force ; the manifestation of this power is 
dependant on heat; that is, on a certain tempera- 
ture peculiar to each specific organism. 

The cause of waste of matter is the chemi- 
cal action of oxygen; and its manifestation is de- 
pendent on the abstraction of heat as well as on 
the expenditure of the vital force for mechanical 
purposes. 

The act of waste of matter is called the change of 
matter ; it occurs in consequence of the absorption of 
oxygen into the substance of living parts. This ab- 
sorption of oxygen occurs only when the resistance 
which the vital force of living parts opposes to the 
chemical action of the oxygen is weaker than that che- 
mical action; and thi^s weaker resistance is determined 
by the abstraction of heaty or by the expenditure in 
mechanical motions of the available force of living 
parts. 

By the combination of the oxygen introduced in 
the arterial blood with such constituents of the body 
aa offer no resistance to its action, the temperature 



Sa THE PHENOMEHA OF MOTIOBT 

necessary for the manifestation of vital activity is 
produced. 

From the relations between the consumption of 
oxygen on the one hand, and the change of matter 
and developement of heat on the other, the follow- 
ing general rules may be deduced. 

For every proportion of oxygen which enters into 
combination in the body, a corresponding proportion 
of heat must be generated. 

The sum of force available for mechanical pur- 
poses must be equal to the sum of the vital forces 
of all tissues adapted to the change of matter. 

If, in equal times, unequal quantities of oxygen 
are consumed, the result is obvious, in an unequal 
amount of heat liberated, and of mechanical force. 
* When unequal amounts of mechanical force are 
expended, this determines the absorption of corre- 
sponding and unequal quantities of oxygen. 

For the conversion of living tissues into lifeless 
compounds, and for the combination of oxygen with 
such constituents of the body as have an affinity for 
it, time is required. 

In a given time, only a limited amount of me- 
chanical force can be manifested, and only a limited 
amoont of heat can be liberated. 

That which is expended, in mechanical effects, in 
the shape of velocity, is lost in time ; that is to say, 
the niore rapid the motions are, the sooner or the 
mOr^ *qaickly is the force exhausted. 

Th^ ium of the mechanical force produced in a 
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given time is equal to the sum of force necessary, 
during the same time, to produce the voluntary and 
involuntary motions ; that is, all the force which the 
heart, intestines, &c., require for their motions is lost 
to the voluntary motions. 

The amount of azotised food necessary to restore 
the equilibrium between waste and supply is directly 
proportional to the amount of tissues metamor- 
phosed. . 

The amount of living matter, which in the body 
loses the condition of life, is, in equal temperatures, 
directly proportional to the mechanical effects pro- 
duced in a given time. 

The amount of tissue metamorphosed in a given 
time may be measured by the quantity of nitrogen in 
the urine. 

The sum of the mechanical effects produced in 
two individuals, in the same temperature, is propor- 
tional to the amount of nitrogen in their urine ; 
whether the mechanical force has been employed in 
voluntary or involuntary motions, whether it has been 
consumed by the limbs or by the heart and other 
viscera. 

That condition of the body which is called healtk 
includes the conception of an equilibrium among all 
the causes of waste and of supply; and thus animal 
life is recognized as the mutual action of both ; and 
appears as an alternating destruction and restoration 
of the state of equilibrium. 

In regard to its absolute amount, the waste and 
21* 
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suppTy of matter is, in the different periods of life^ 
onequal; but, in the state of health, the available 
vital force must always be considered as a constant 
quantity, corresponding to the sum: of living par- 
ticles. 

Growth, or the increase of mass, stands, at every 
age, in a fixed relation to the anwunt of vital force 
consumed as moving power. 

The vital force, which is expended for mechanical 
purposes, is subtracted from the sum of the force 
available for the purpose of increase of mass. 

The active force, which is consumed in the body 
in overcoming resistance (in causing increase of 
mass), cannot, at the same time, be employed to pro- 
duce mechanical effects. 

Hence it follows necessarily, that when, as in 
childhood, the supply exceeds the waste of matter, the 
mechanical effects produced must be less in the same 
proportion. 

With the increase of mechanical effects produced, 
the capacity of increase of mass or of the supply of 
waste in living tissues must diminish in the same 
proportion. 

A perfect balance between the consumption of 
vital force for supply of matter and that for me- 
chanical effects occurs, therefore, only in the adult 
state. It is at once recognized in the complete 
supply of the matter consumed. In old age more 
is wasted ; in childhood more is supplied than 
wasted. 
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The force available for mechanical purposes in an 
adult man is reckoned, in mechanics, equal to ^th of 
his own weight, which he can move during eight hours, 
with a velocity of five feet in two seconds. 

If the weight of a man be 150 lbs., his force is 
equal to a weight of 30 lbs. carried by him to a 
distance of 72,000 feet. For every second his 
momentum of force is = 30 x 2*5 = 75 lbs. ; and for 
the whole day's work, his momentum of motion is 
= 30X72,000 =216,000. 

By the restoration of the original weight of his 
body, the man collects again a sum of force which 
allows him, next day, to produce, without exhaustion, 
the same amount of mechanical effects. 

This supply of force is furnished in a seven hours' 
sleep. 

In manufactories of rolled iron it frequently hap- 
pens, that the pressure of the engine, going at its ordi- 
nary rate, is not sufficient to force a rod of iron of a 
certain thickness to pass below the cylinders. The 
workman, in this case, allows the whole force of the 
steam to act on the revolving wheel, and not until 
this has acquired a great velocity does he bring the 
rod under the rollers ; when it is instantly flattened 
with great ease into a plate, while the wheel gra- 
dually loses the velocity it had acquired. What the 
wheel gained in velocity, the roller gained in force ; 
by this process force was obviously collected, accu- 
mulated in the velocity ; but in this sense force does 
not accumulate in the living organism. 
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The restoration of force is effected, in the animal 
body, by the transformation of the separated parts, 
destined for the production of force, and by the ex- 
penditure of the active vital force in causing formation 
of new parts ; and, with the restoration of the sepa- 
rated or effete parts, the organism recovers a force 
equal to that which has been expended. 

It is plain, that the vital force manifested, during 
sleep, in the formation of new parts, must be equal 
to the whole sum of the moving power expended in 
the walking state in all mechanical effects whatever, 
plus a certain amount of force, which is required for 
carrying on those involuntary motions which continue 
during sleep. 

From day to day, the labouring man, with suffi- 
cient food, recovers, in seven hour^' sleep, the whole 
sum of force ; and without reckoning the force neces- 
sary for the involuntary motions which may be consi- 
dered equal in all men, we may assume, that the me- 
chanical force available for work is directly propor- 
tional to the number of hours of sleep. 

The adult man sleeps 7 hours, and wakes 17 hours ; 
consequently, if the equilibrium be restored in 24 hours, 
the mechanical effects produced in 17 hours must be 
equal to the effects produced during 7 hours in the 
shape of formation of new parts. 

An old man sleeps only 3^ hours ; and if every 
thing else be supposed the same as in the case of 
the adult, he will be able, at all events, to produce 
half of the mechanical effects produced by an adult 
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of equal weight ; that is, he will be able to carry only 
15 lbs. instead of 30 to the same distance. 

The infant at the breast sleeps 20 hours and wakes 
only four ; the active force consumed in formation of 
new parts is, in this case, to that consumed in mechan- 
ical effects (in motion of the limbs), as 20 to 4 ; but 
his limbs possess no momentum of force, for he cannot 
yet support his own body. If wc assume, that the 
aged man and infant consume in mechanical effects a 
quantity of force corresponding to the proportion avail- 
able in the adult, then the mechanical effects are pro- 
portional to the number of waking hours, the forma- 
tion of new parts to the number of hours of sleep, and 
we shall have : 

Force expended in Force expended in 

mechanical effects, formation of new parts. 

In the adult 17 : 7 

Id the infant 4 : 20 

In the old man ... 20 : 4 

In the adult, a perfect equilibrium takes place be- 
tween waste and supply ; in the old man and in the 
infant, waste and supply are not in equilibrium. If we 
make the consumption of force in the 17 waking hours 
equal to that required for the restoration of the equili- 
brium during sleep = 100 = 17 waking hours, = 7 
hours of sleep, we obtain the following proportions. 
The mechanical effects are to those in the shape of 
formation of new parts : 

In the adult man = 100 : 100 
In the infant . . . = 25 : 250 
In the old man . . =^ 125 : 50 



350 TBB phekouekjl op HOnON 

Or the increase of mass to the dimmu^ 
waste : 

In ihe adult man = 100 : 100 
III the iuraDl . . . = 100 : 10 
In the oW raaa . . = 100 : 250 

B consequently clear, that if the old man 
an amount of work proportional to the sleepiaff' 
of the aduU, the waste will be greater than the 
that is, hia body will rapidly decrease in weig! 
carry 15 lbs. tg the distance of 72,000 feet 
velocity of 2j feet in the second ; but be 
able, without injury, to carry 6 lbs. to the 8am« 
tance. 

In the infant the increase is to the decrease as 10 
to I, and consequently, if we in his case increase tbs 
expenditure offeree in mechanical effects to ten linm 
its proper amount, there will thus be established only 
an equilibrium between waste and supply. The 
child, indeed, will not grow; but neither will it loie 
weight. 

If, in the adult man, the consumption of foree 
for mechanical purposes in 24 hours be augmented 
beyond the amount restorabie in seven hours of 
sleep, then, if the equilibrium is to be restored, less 
force, in the same proportion, must be expended in 
mechanical ejects in the next 24 hours. If this be oot 
done, the mass of the body decreases, and the stale 
characteristic of old age more or less decidedly super- 
venes. 

With every hour of sleep the sum of available t^KH 
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increases in the old man* or approaches the state of 
equilibrium between waste and supply which exists in 
the adult 

It is further evident, that if a part of the force 
which is available for mechanical purposes, without 
disturbing the equilibrium, should not be consumed in 
moving tl^ limbs, in raising weights, or in other la- 
bour, it will be available for involuntary motions. If 
the motion of the heart, of the fluids, and of the intes* 
tines (the circulation of the blood and digestion), are 
accelerated in proportion to the amount of force not 
consumed in voluntary motions, the weight of the body 
will neither increase or diminish in 24 hours. The 
body, therefore, can only increase in mass, if the force 
accumulated during sleep, and available for mechanic 
gbI purposes, is employed neither for voluntary nor 
fiur involuntary motions. 

The numerical values above given for the expen- 
diture of force in the human body refer, as has been 
expresdy stated, only to a given, uniform tempe- 
rature. In a different temperature, and with defi- 
cient nourishment, all these proportions must be 
changed. 

If we surround a part of the body with ice or snow, 
while other parts are left in the natural state, there 
ooenrs^ more or less quickly, in consequence of the 
Ion of iieat, an accelerated change of matter in the 
cooled part 

The resistance of the living tissues to the action of 
oocygn is weaker at the cooled part than in the other 
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parts ; and this, in its effects, is equivalent to an in- 
crease of resistance in these other parts. 

The momentum of force of the vitality in the parts 
which are not cooled is expended, as before, in me- 
chanical motion ; but the whole action of the inspired 
oxygen is exerted on the cooled part 

If we imagine an iron cylinder, into which we ad- 
mit steam under a certain pressure, then if the force 
with which the particles of the iron cohere be equal 
to the force which tends to separate them, an equili- 
brium will result; that is, the whole effect of the 
steam will be neutralized by the resistance. But if 
one of the sides of the cylinder be moveable, a piston- 
rod, for example, and offer to the pressure of the 
steam a less resistance than other parts, the whole 
fofce will be expended in moving this one side — that 
is, in raising the piston-rod. If we do not introduce 
fresh steam (fresh force), an equilibrium will soon be 
established. The piston-rod resists a certain force 
without moving, but is raised by an increased pres- 
sure. When this excess of force has been consumed 
in motion, it cannot be raised higher ; but if new va- 
pour be continually admitted, the rod will continue to 
move. 

In the cooled part of the body, the living tissues 
offer a less resistance to the chemical action of the 
inspired oxygen ; the power of the oxygen to unite 
with the elements of the tissues is, at this part, ex- 
alted. When the part has once lost its condition of 
life, resistance entirely ceases ; and in consequence of 
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ihe combination of the oxygen with the elements of 
the metamorphosed tissues, a greater amount of heat 
is liberated. 

For a given amount of oxygen, the heat produced 
is, in all cases, exactly the same. In the cooled part, 
the change of matter, and with it the disengage- 
ment of heat, increases ; while in the other parts 
the change of matter and liberation of heat decrease. 
But when the cooled part, by the union of oxygen 
with the elements of the metamorphosed tissues, 
has recovered its original temperature, the resist- 
ance of its living particles to the oxygen conveyed 
to them again increases, and, as the resistance of 
other parts is now diminished, a more rapid change 
of matter now occurs in them, their temperature 
rises, and along with this, if the cause of the change 
of matter continues to operate, a larger amount 
of vital force becomes available for mechanical pur- 
poses. 

Let us now suppose that heat is abstracted from the 
whole surface of the body ; in this case the whole ac- 
tion of the oxygen will be directed to the skin, and in 
a short time the change of matter must increase 
throughout the body. Fat, and all such matters as 
are capable of combining with the oxygen which is 
brought to them in larger quantity than usual, will be 
expelled from the body in the form of oxidised com- 
pounds. 

22 
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ni. 

THEORY OF DISEASE. 

Every substance or matter, every chemical or me- 
chanical agency, which changes or disturbs the resto- 
ration of the equilibrium between the manifestations of 
the causes of waste and supply, in such a way as to 
add its action to the causes of waste, is called a cause 
of disease. Disease occurs when the sum of vital 
force, which tends to neutralize all causes of distur* 
banco (in other words, when the resistance oflfered by 
the vital force), is weaker than the acting cause of dis- 
turbance. 

Death is that condition in which all resistance on the 
part of the vital force entirely ceases. So long as this 
condition is not established, the living tissues continue 
to offer resistance. 

To the observer, the action of a cause of disease 
exhibits itself in the disturbance of the proportion be- 
tween waste and supply which is proper to each pe- 
riod of life. In medicine, every abnormal condition of 
supply or of waste, in all parts or in a single part of 
the body, is called disease. 

It is evident that one and the same cause of dis- 
ease will produce in the organism very different 
effects, according to the period of life ; and that a 
certain amount of disturbance, which produces dis- 
ease in the adult state, may be without influence in 
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childhood or in old age. A cause of disease may, 
when it is added to the cause of waste in old age, 
produce death (annihilate all resistance on the part 
of the vital force); while in the adult state it may 
produce only a disproportion between supply and 
waste ; and in infancy, only an equilibrium between 
supply and waste (the abstract state of health). 

A cause of disease which strengthens the causes of 
supply, either directly or indirectly by weakening the 
action of the causes of waste, destroys, in the child 
and in the adult, the relative normal state of health ; 
while in old age it merely brings the waste and supply 
into equilibrium. 

A child, lightly clothed, can bear cooling by a low 
external temperature without injury to health ; the 
force available for mechanical purposes and the tem- 
perature of its body increase with the change of mat- 
ter which follows the cooling ; while a high tempera- 
ture, which impedes the change of matter, is followed 
by disease. 

On the other hand, we sec, in hospitals and charita- 
ble institutions (in Brussels, for example) in which old 
people spend the last years of life, when the temper- 
ature of the dormitory, in winter, sinks 2 or 3 
degrees below the usual point, that by this slight 
degree of cooling the death of the oldest and weakest 
males as well as females, is brought about. They 
are found lying tranquilly in bed, without the slightest 
symptoms of disease, or of the usual recognizable 
causes of death. 
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A deficiency of resistance, in a living part, to the 
causes of waste is, obviously, a deficiency of resistance 
to the action of the oxygen of the atmosphere. 

When, from any cause whatever, this resistance di- 
minishes in a living part, the change of matter increases 
in an equal degree. 

Now, since the phenomena of motion in the aniDoaJ 
body are dependant on the change of matter, the in- 
crease of the change of matter in any part i» followed 
by an increase of all motions. According to the con- 
ducting power of the nerves, the availaUe force is 
carried away by the nerves of involuntary nK)tion 
alone, or by all the nerves together. 

Consequently, if, in consequence of a diseased trans- 
formation of living tissues, a greater amount of force 
be generated than is required for the production of the 
normal motions, it is seen in an acceleration of all or 
some of the involuntary motions, as well as in a higher 
temp^ature of the diseased part. 

This condition is called /et?er. 

When a great excess offeree is produced by change 
of matter, the force, since it can only be consumed by 
motion, extends itself to the apparatus of voluntary 
motion. 

This state is called a febrile paroxysm. 

In consequence of the acceleration of the circu- 
lation in the state of fever, a greater amount of 
arterial blood, and, consequently, of oxygen, is con- 
veyed to the diseased part, as well as to all other 
parts; and if the active force in the healthy parts 
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continue uniform, the whole action of the excess of 
oxygen must be exerted on the diseased part alone. 

According as a single organ, or a system of organs, 
is afiected, the change of matter extends to one part 
alone, or to the whole affected system. 

Should there be formed, in the diseased parts, in 
consequence of the change of matter, from the ele- 
ments of the blood or of the tissue, new products, 
which the neighbouring parts cannot employ for their 
own vital functions ; — should the surrounding parts, 
moreover, be unable to convey these products to other 
parts, where they may undergo transformation, then 
these new products will suffer, at the place where they 
have been formed, a process of decomposition analo- 
gous to fermentation or putrefaction. 

In certain cases, medicine removes these diseased 
conditions, by exciting in the vicinity of the diseased 
part, or in any convenient situation, an artificial dis- 
eased state (as by blisters, sinapisms, or setons) ; 
thus diminishing, by means of artificial disturbance, 
the resistance offered to the external causes of 
change in these parts by the vital force. The physi- 
cian succeeds in putting an end to the original dis- 
eased condition, when the disturbance artificially ex- 
cited (or the diminution of resistance in another 
part) exceeds in amount the diseased state to be over- 
come. 

The accelerated change of matter and the elevated 
temperature in the diseased part shew, that the resist- 
mce offered by the vital force to the action of oxygen 

22* 
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18 feebler than in the healthy state. But this resist^ 
ance only ceases entirely when death takes place. 
By the artificial diminution of resistance in another 
part, the resistance in the diseased organ is not indeed 
directly strengthened ; but the chemical action (the 
cause of the change of matter) is diminished in the 
diseased part, being directed to another part» where 
the physician has succeeded in producing a still more 
feeble resistance to the change of matter (to the action 
of oxygen). 

A complete cure of the original disease occurs, when 
external action and resistance, in the diseased part, are 
brought into equilibrium. Health and the restoratioa 
of the diseased tissue to its original condition follow, 
when we are able so far to weaken the disturbing ac- 
tion of oxygen, by any means, that it becomes inferior 
to the resistance offered by the vital force, which, al- 
though enfeebled, has never ceased to act ; for this 
proportion between these causes of change is the uni- 
form and necessary condition of increase of mass in the 
living organism. 

In cases of a different kind, where artificial ex- 
ternal disturbance produces no effect, the physician 
adopts other indirect methods to exalt the resist- 
ance offered by the vital force. These methods, the 
result of ages of experience, are such, that the most 
perfect theory could hardly have pointed them out 
more acutely or more justly than has been done 
by the observation of sagacious practitioners. He 
diminishes, by blood-letting, the number of the 
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carriers of oxygen (the globules), and by this means 
the conditions of change of matter ; he excludes from 
the food all such matters as are capable of conversion 
into blood ; he gives chiefly or entirely non-azotised 
food, which supports the respiratory process, as well 
as firuit and vegetables, which contain the alkalies ne- 
cessary for the secretions. 

If be succeed, by these means, in diminishing the 
action of the oxygen in the blood on the diseased part, 
so far that the vital force of the latter, its resistance, 
in the smallest degree overcomes the chemical action ; 
and if he accomplish this, without arresting the func- 
tions of the other organs, then restoration to health is 
certain. 

To the method of cure adopted in such cases, if 
employed with sagacity and acute observation, there 
is added, as we may call it, an ally on the side of 
the diseased organ, and this is the vital force of the 
healthy parts. For, when blood is abstracted, the 
external causes of change are diminished also in 
them, and their vital force, formerly neutralized by 
these causes, now obtains the preponderance. The 
change of matter, indeed, is diminished throughout 
the body, and with it the phenomena of motion: 
but the sum of all resisting powers, taken together, 
increases in proportion as the amount of the oxygen 
acting on them in the blood is diminished. In the 
sensation of hunger^ this resistance, in a certain 
sense, makes itself known; and the preponderat- 
ing vital force exhibits itself, in many patients 



260 THEORY OF DISEASB. 

when hunger is felt, in the form of an abnormal 
growth, or an abnormal metamorphosis of certain 
parts of organs. Sympathy is the transference of 
diminished resistance from one part, not exactly to 
the next, but to more distant organs, when the func- 
tions of both mutually influence each other. When 
the action of the diseased organ is connected with 
that of another — when, for example, the one no 
longer produces the matters necessary to the per- 
formance of the functions of the other — ^then the dis- 
eased condition is transferred, but only apparently, to 
the latter. 

In regard to the nature and essence of the vital 
force, we can hardly deceive ourselves, when we re- 
flect, that it behaves, in all its manifestations, exactly 
like other natural forces ; that it is devoid of con- 
sciousness or of volition, and is subject to the action of 
a blister. 

The nerves, which accomplish the voluntary and 
involuntary motions in the body, are, according to 
the preceding exposition, not the producers, but 
only the conductors of the vital force ; they propa- 
gate motion, and behave towards other causes of 
motion, which in their manifestations are analogous 
to the vital force, towards a current of electricity, 
for example, in a precisely analogous manner. They 
permit the current to traverse them, and present, as 
conductors of electricity, all the phenomena which 
they exhibit as conductors of the vital force. In 
the present state of our knowledge, no one, proba- 
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My, will imagine that electricity is to be considered 
as the cause of the phenomena of motion in the 
body ; but still, the medicinal action of electricity, 
as well as that of a magnet, which, when placed in 
contact with the body, produces a current of elec- 
tricity, cannot be denied. For to the existing force 
of motion or of disturbance there is added, in the 
electrical current, a new cause of motion and of 
change in form and structure, which cannot be consi- 
dered as altogether ineiBcient. 

Practical medicine, in many diseases, makes use 
of cold in a highly rational manner, as a means of 
exalting and accelerating, in an unwonted degree, the 
change of matter. This occurs especially in certain 
morbid conditions in the substance of the centre of 
the apparatus of motion ; when a glowing heat and a 
rapid current of blood towards the head point out an 
abnormal metamorphosis of the brain. When this 
condition continues beyond a certain time, experi- 
ence teaches that all motions in the body cease. If 
the change of matter be chiefly confined to the 
brain, then the change of matter, the generation of 
force, diminishes in all other parts. By surrounding 
the head with ice, the temperature is lowered, but 
the cause of the liberation of heat continues; the 
metamorphosis, which decides the issue of the dis- 
ease, is limited to a short period. We must not 
forget, that the ice melts and absorbs heat from the 
diseased part ; that if the ice be removed before the 
completion of the metamorphosis, the temperature 
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again rises ; that far more heat is removed by means 
of ice than if we were to surround the head with a 
bad conductor of heat. There has obviously been 
liberated in an equal time a far larger amount of 
heat than in the state of health ; and this is only 
rendered possible by an increased supply of oxygen, 
which must have determined a more rapid change 
of matter. 

The self-regulating steam engines, in which, to 
produce a uniform motion, the human intellect has 
shewn the most admirable acuteness and sagacity, 
furnish no unapt image of what occurs in the animal 
body. 

Every one knows, that in the tube which conveys 
the steam to the cylinder where the piston-rod is 
to be raised, a stop-cock of peculiar construction 
is placed, through which all the steam must pass. 
By an arrangement connected with the regulating 
wheel, this stop-cock opens when the wheel moves 
slower, and closes more or less completely when 
the wheel moves faster than is required for a 
uniform motion. When it opens, more steam is 
admitted (more force), and the motion of the ma- 
chine is accelerated. When it shuts, the steam is 
more or less cut off| the force acting on the piston- 
rod diminishes, the tension of the steam increases, 
and this tension is accumulated for subsequent use. 
The tension of the vapour, or the force, so to speak, 
is produced by change of matter, by the combustion 
of coalfl in the fire-place. The force increases (the 
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amount of steam generated and its tension increase) 
with the temperature in the fire-place, which de* 
pends on the supply of coals and of air. There are 
in these engines other arrangements, all intended 
for regulation. When the tension of steam in the 
boiler rises beyond a certain point, the passages for 
admission of air close themselves ; the combustion 
is retarded, the supply of force (of steam) is dimin- 
ished. When the engine goes slower, more steam 
is admitted to the cylinder, its tension diminishes, 
the air passages are opened, and the cause of dis- 
engagement of heat (or production of force) in- 
creases. Another arrangement supplies the fire-place 
incessantly with coals in proportion as they are 
wanted. 

If we now lower the temperature at any part of 
the boiler, the tension within is diminished ; this is 
immediately seen in the regulators of force, which 
act precisely as if we had removed from the boiler 
a certain quantity of steam (force). The regulator 
and the air-passages open, and the machine supplies 
itself with more coals. 

The body, in regard to the production of heat and 
of force, acts just like one of these machines. With 
the lowering of the external temperature, the respi- 
rations become deeper and more frequent ; oxygen 
is supplied in greater quantity and of greater den- 
sity ; the change of matter is increased, and more 
food must be supplied, if the temperature of the 
body is to remain unchanged. 
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It is hardly necessary to mention^ that in the body, 
the tension of vapour cannot, any more than an electri* 
cal current, be considered the cause of the productkm 
of force. 

From the theory of disease developed in the prece- 
ding pages, it follows obviously, that a deceased con- 
dition once established, in any part of the body, cannot 
be made to disappear by the chemical action of a re- 
medy. A limit may be put by a remedy to an abno^ 
mal process of transformation ; that process may b« 
accelerated or retarded ; but this alone does not re- 
store the normal (healthy) condition. 

The art of the physician consists in the knowledge 
of the means which enable him to exercise an in- 
fluence on the duration of the disease; and in the 
removal of all disturbing causes, the action of which 
strengthens or increases that of the actual cause of 
disease. 

It is only by a just application of its principles 
that any theory can produce really beneficial results. 
The very same method of cure may restore health 
in one individual, which, if applied to another, may 
prove fatal in its effects. Thus in certain inflamma- 
tory diseases, and in highly muscular subjects, the 
antiphlogistic treatment has a very high value ; 
while in other cases blood-letting produces unfavour- 
able results. The vivifying agency of the blood 
must ever continue to be the most important condi- 
tion in the restoration of a disturbed equilibrium, 
.which result is always dependant on the saving of 
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time; and the blood must, therefore, be considered 
and constantly kept in view, as the ultimate and 
most powerful cause of a lasting vital resistance, as 
well in the diseased as in the unaffected parts of the 
body. 

It is obvious, moreover, that in all diseases where 
the formation of contagious matter and of exanthema- 
ta is accompanied by fever, two diseased conditions 
simultaneously exist, and two processes are simulta- 
neously completed ; and that the blood, as it were by 
re-action (f. c. fever), becomes a means of cure, as be- 
ing the carrier of that substance (oxygen) without the 
aid of which the diseased products cannot be rendered 
harmless, destroyed, or expelled from the body ; a 
means of cure by which, in short, neutralization or 
equilibrium is effected. 



IV. 

THEORY OF RESPIRATION. 

During the passage of the venous blood through the 
lungs, the globules change their colour; and with 
this change of colour, oxygen is absorbed from the at- 
mosphere. Further, for every volume of oxygen ab- 
sorbed, an equal volume of carbonic acid is, in most 
cases, given out. 

The red globules contain a compound of iron ; and 
no other constituent of the body contains iron. 

Whatever change the other constituents of the 

23 
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blood undergo in the lungs, thus much is certain, that 
the globules of venous blood experience a change of 
colour, and that this change depends on the action of 
oxygen. 

Now we observe that the globules of arterial 
blood retain their colour in the larger ressels, and 
lose it only during their passage through the ca- 
pillaries. All those constituents of venous blood, 
which are capable of combining with oxygen, take 
up a corresponding quantity of it in the lungs. Ex- 
periments made with arterial serum have shewn, that 
when in contact with oxygen it does not diminish 
the volume of that gas. Venous blood, in contact 
with oxygen, is reddened, while oxygen is absorbed ; 
and a corresponding quantity of carbonic acid is 
formed. 

It is evident that the change of colour in the venous 
globules depends on the combination of some one of 
their elements with oxygen ; and that this absorption 
of oxygen is attended with the separation of a certain 
quantity of carbonic acid gas. 

This carbonic acid is not separated from the serum ; 
for the serum does not possess the property, when in 
contact with oxygen, of giving off carbonic acid. On 
the contrary, when separated from the globules, it ab- 
sorbs from half its volume to an equal volume of car- 
bonic acid, and, at ordinary temperatures, is not satu- 
rated with that gas. (See the article " Blut" in the 
« Itandworterbuch der Chemie von Poggendorft 
Wohler, and Liebig, p. 877.) 
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Arterial blood, when drawn from the body, is 
soon altered ; its florid colour becomes dark red. 
The florid blood, which owes its colour to the glo- 
bules, becomes dark by the action of carbonic acid, 
and this change of colour afiects the globules, for 
florid blood absorbs a number of gases which do not 
dissolve in the fluid part of the blood when sepa- 
rated from the globules. It is evident, therefore, that 
ihe globules have the power of combining with gases. 

The globules of the blood change their colour in 
different gases ; and this change may be owing either 
to a combination or to a decomposition. 

Sulphuretted hydrogen turns them blackish green 
and finally black; and the original red colour can- 
not, in this case, be restored by contact with oxygen. 
Here a decomposition has obviously taken place. 

The globules darkened by carbonic acid become 
again florid in oxygen, with disengagement of car- 
bonic acid. The same thing takes place in nitrous 
oxide. It is clear that they have here undergone 
no decomposition, and, consequently, they possess 
the power of combining with gases, while the com- 
pound they form with carbonic acid is destroyed by 
oxygen. When left to themselves, out of the body, 
the compound formed with oxygen again becomes 
dark, but does not recover its florid colour a second 
time by the action of oxygen. 

The globules of the blood contain a compound of 
iron. From the never-failing presence of iron in 
red blood, we must conclude, that it is unquestion- 



868 THEORY OF RESPIRATION. 

ably necessary to animal life ; and, since physiology 
has proved, that the globules take no share ia Ifae 
process of nutrition, it cannot be doubted that Hasf 
play a part in the process of respiratioa. 

The compound of iron in the globules has ttl 
characters of an oxidised compound ; for it is d* 
composed by sulphuretted hydrogen, exactly in the 
same way as the oxides or other analogous com* 
pounds of iron. By means of diluted mineral acidt, 
peroxide (sesquioxide) of iron may be extracted, at 
the ordinary temperature, from the fresh or dried 
red colouring matter of the blood. 

The characters of the compounds of iron may, 
perhaps, assist us to explain the share Tcbicb tbU 
metal takes in the respiratory process. No olhar 
metal can be compared with iron, for the remsrih 
able properties of its compounds. 

The compounds of protoxide of iron possese &i 
property of depriving other oxidised compounda flf 
oxygen ; while the compounds of peroxide of ircRV 
under other circumstances, give up oxygen with ths 
utmost facility, 

Hydrated perosido of iron, in contact with organic 
matters destitute of sulphur, is converted into ci> 
bonate of tlie protoxide. 

Carbonate of protoxide of iron, in contact with 
water and oxygen, is decomposed i all the carboaift 
acid is given off, and, by absorption of oxygen, it 
passes into the hydrated peroxide, which may agaui 
be converted into a compound of the protoxide 
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Not only the oxides of iron, but also the cyanides 
of that metal, exhibit similar properties. Prussian 
Uue contains iron in combination with all the or- 
ganic elements of the body ; hydrogen and oxygen 
(water), carbon and nitrogen (cyanogen). 

When it is exposed to light, cyanogen is given 
0S9 and it becomes white; in the dark it attracts 
oxygen, and recovers its blue colour. 

All these observations, taken together, lead to the 
opimon that the globules of arterial blood contain 
a compound of iron saturated with oxygen, which, 
in the living blood, loses its oxygen during its pas- 
sage through the capillaries. The same thing occurs 
when it is separated from the body, and begins to 
undergo decomposition (to putrefy )• The compound^ 
rich in oxygen, passes, therefore, by the loss of oxy- 
gen (reduction), into one far less charged with that 
element. One of the products of oxidation formed 
in this process is carbonic acid. The compound of 
iron in the venous blood possesses the property of 
combining with carbonic acid? and it is obvious, 
that the globules of the arterial blood, after losing a 
part of their oxygen, will, if they meet with car-^ 
bonic acid, combine with that substance. 

When they reach the lungs, they will again take 
up the oxygen they have lost ; for every volume of 
oxygen absorbed, a corresponding volume of car- 
bonic acid will be separated ; they will return to 
their former state ; that is, they will again acquire 
the power of giving off oxygen. 

aa* 
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For every volume of oxygen which the globul 
can give off, there will be formed (aa carbonic acid 
contains its own volume of oxygen, without conden- 
sa^on) neither more nor less than an equal volume 
of carbonic acid. For every volume of oxygen 
which the globules are capable of absorbing, no 
more carbonic acid can possibly be separated than 
that volume of oxygen can produce. 

When carbonate of protoxide of iron, by the 
absorption of oxygen, passes into the hydrated 
peroxide, there are given off, for every volume of 
oxygen necessary to the change from protoxide to 
peroxide, four volumes of carbonic acid gas. 

But from one volume of oxygen only one volume 
of carbonic acid can he produced ; and the absorption 
of one volume of oxygen can only cause, directly, 
llie separation of an equal volume of carbonic acid 
Consequently, the substance or compound which has 
lost its oxygen, during the passage of arterial into 
venous blood, must have been capable of absorbing or 
combining with carbonic acid ; and we find, in point 
of fact, that the living blood is never, in any state, 
saturated with carbonic acid ; that it is capable of 
taking up an additional quantity, without any appa- 
rent disturbance of the function of the globules. 
Thus, for example, after drinting effervescing wines. 
beer, or mineral waters, more carbonic acid must 
necessarily be expired than at other times. In all 
cases, where tlie oxygen of the arterial globules has 
been pai-tly expended, otherwise than in the Soimae 
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tion of carbonic acid, the amount of this latter gas 
expired will correspond exactly with that which has 
been formed ; less, however, will be given out after 
the use of fat and of still wines, than after cham- 
pagne. 

According to the views now developed, the glo- 
bules of arterial blood, in their passage through the 
capillaries, yield oxygen to certain constituents of 
the body. A small portion of this oxygen serves to 
produce the change of matter, and determines the 
separation of living parts and their conversion into 
lifeless compounds, as well as the formation of the 
secretions and excretions. The greater part, how- 
ever, of the oxygen is employed in converting into 
oxidised compounds the newly formed substances, 
which no longer form part of the living tissues. 

In their return towards the heart, the globules 
which have lost their oxygen combine with carbonic 
acid, producing venous blood ; and, when they reach 
the lungs, an exchange takes place between this car- 
bonic acid and the oxygen of the atmosphere. 

The organic compound of iron, which exists in 
venous blood, recovers in the lungs the oxygen it 
has lost, and, in consequence of this absorption of 
oxygen, the carbonic acid in combination with it is 
separated. 

All the compounds present in venous blood, which 
have an attraction for oxygen, are converted, in the 
lungs, like the globules, into more highly oxidised 
compounds; a certain amount of carbonic acid is 
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fonned, of which a part always lanaiBi dwolved in 
the senun of the blood. 

The quantity <^ caibomc add disolred, or df that 
combined with soda, most be equl in TeDoos and 
arterial blood, since both hare the same tempen^ 
tore ; but arterial blood, when drawn, most, after a 
thori time, contain a larger qoantity of caihonic add 
than Tenons blood, because the oxygen of the globokt 
is expended in producing that oompoond. 

Hence, in the animal organism, two processes of 
oxidation are gdng on ; one in the lui^gs, the other 
in the cajMllaries. By means of the former, in spite 
<^ the degree of cooling, and of the increased evapo* 
ration which takes jdace there, the constant tempo- 
rature of the lungs is kept up ; while the heat of the 
rest of the body is supplied by the latter. 

A man, who expires daily 13*9 oz. of carbon, in the 
form of carbonic acid, consumes, in 24 hours, 37 oz. of 
oxygen, which occupy a space equal to 807 litres 
= 51,648 cubic inches (hessian). 

If we reckon 18 respirations to a minutCi we have, 
in 24 hours, 25,920 respirations ; and, consequently, in 
each respiration, there are taken into the blood 
isHi = 1'^^ cubic inch of oxygen. 

In one minute, therefore, there are added to the 
constituents of the blood 18 x 1*99 = 35*8 cubic inch- 
es of oxygen, which, at the ordinary temperature, 
weigh rather less than 12 grains. 

If we now assume, that in one minute 10 lbs. of 
blood pass through the lungs (MuUer, Physiologies 
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vol. L p. 345)9 and that this quantity of blood measures 
320 cubic inches, then 1 cubic inch of oxygen unites 
with 9 cubic inches of blood, very nearly. 

According to the researches of D6nis, Richardson, 
and Nasse (Handworterbuch der Physiologic, vol. i. 
p. 138), 10,000 parts of blood contain 8 parts of per- 
oxide of iron. Consequently, 76,800 grains (10 lbs. 
hessian) of blood contain 61*54 grains of peroxide of 
iron in arterial blood, = 55*14 of protoxide in venous 
blood. 

Let us now assume that the iron of the globules 
of venous blood is in the state of protoxide. It 

« 

follows, that 55*14 grains of protoxide of iron, in 
passing through the lungs, take up, in one minute, 
6*40 grains of oxygen (the quantity necessary to 
convert it into peroxide). But since, in the same 
time, the 1 lbs. of blood have taken up 12 grainy 
of oxygen, there remain 5*60 grains of oxygen, 
which combine with the other constituents of the 
blood. 

Now, 55*14 grains of protoxide of iron combine with 
34*8 grains of carbonic acid, which occupy the volume 
of 73 cubic inches. It is obvious, therefore, that the 
amount of iron present in the blood, if in the state of 
protoxide, is sufficient to furnish the means of carry- 
ing or transporting twice as much carbonic acid as 
can possibly be formed by the oxygen absorbed in the 
lungs. 

The hypothesis just developed rests on well-known 
observations, and, indeed, explains completely the pro- 
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cesB of respiration, as far as it depends on the gl( 
of the blood. It does not exclude the opinion thatcar- 
bonic acid may reach the Inngs in other ways ; that 
certain otlier constituents of the blood may give rise 
to the formation of carbonic acid in the lungs. But 
all this has no connection with that vita! process by 
which the heat necessary for the support of life is 
generated in every part of the body. Now it is this 
alone which, for the present, can be considered as the 
object truly worthy of investigation. It is not, in- 
deed, uninteresting to inquire, why dark blood becomes 
florid by the action of nitre, common salt, &c. ; but 
this question has no relation to the natural respuratory 
process. 

The frightful effects of sulphuretted hydrogen, and 
of prussic acid, which, when inspired, put a stop to all 
the phenomena of motion in a few seconds, are ex- 
plained in a natural manner by the well-known ac- 
tion of these compounds on those of iron, when alka- 
lies are present ; and free alkali is never absent in the 
blood. 

Let us suppose that the globules lose their property 
of absorbing oxygen, and of afterwards giving up this 
oxygen and carrying off the resulting carbonic acid ; 
such a hypothetical state of disease must instantly be- 
come perceptible in the temperature and other vital 
phenomena of the body. The change of matter will 
be arrested, while yet the vital motions will not be in- 
stantly stopped. 

The conductors of force, the nerves, will convey. 
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as before, to the heart and intestines the power neces- 
sary for their functions. This power they will re- 
ceive from the muscular system, while, as no change 
of matter takes place in the latter, the supply must 
soon fail. As no change of matter occurs, no lifeless 
compoimds are separated, neither bile nor urine can 
be formed ; and the temperature of the body must sink. 

This state of matters soon puts a stop to the pro- 
cess of nutrition, and, sooner or later, death must 
follow, but unaccompanied by febrile symptoms, which, 
in this case, is a very important fact. 

This example has been selected in order to shew 
the importance and probable advantage of an exami- 
nation of the blood in analogous diseased conditions. 
It cannot be, in the slightest degree, doubtful that the 
function ascribed to the blood globules may be con- 
sidered as fully explained and cleared up, if, in such 
morbid conditions, we shall discover a change in their 
form, structure, or chemical characters, a change 
which must be recognizable by the use of appropriate 
re-agents. 

If we consider the force which determines the vital 
phenomena as a property of certain substances, this 
view leads of itself to a new and more rigorous con- 
sideration of certain singular phenomena, which these 
very substances exhibit, in circumstances in which 
they no longer make a part of living organisms. 
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APPENDIX ; 

CONTAINING 

THE ANALYTICAL EVIDENCE 

REFERRED TO IN THE SECTIONS IN WHICH ARE DESCRIBED 

THE 

CHEMICAL PROCESSES OF RESPIRATION, 

OF NUTRITION, 

AND OF THB 

METAMORPHOSIS OF TISSUES, 



♦♦♦ T^e Notes correspond with the numbers in parentheses in the text. 
AJl the Analyses quoted^ which have the mark * aUachedj have been made 
in the chemical laboratory of the University of Oiessen. 
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INTRODUCTION TO THE ANALYSES. 

The method fonnerly employed to exhibit the differ- 
ences in composition of different substances, that, namely, 
of giving the proportions of the various elements in 100 
parts, has been long abandoned by chemists; because it 
affords no insight into the relations which exist between 
two or more compounds. In order to give some proofs of 
this statement, we shall here state, in that form, the com- 
position of aldehyde and acetic acid, of oil of bitter almonds 
and benzoic acid. 

Acetic acid. Aldehyde. BcDzoicacid. ^n^onda"^*^ 



Carbon 40*00 


65*024 


69*25 


79*56 


Hydrogen 6*67 


8*983 


4*86 


5*56 


Oxygen 53*33 


35*993 


25*89 


14*88 



Now aldehyde is converted into acetic acid, and oil of 
Intter almonds into benzoic acid, simply by the addition of 
oxygen, without any change in regard to the other elements. 
This important relation cannot be traced in the mere nu- 
merical results of analysis as above given ; but if the com- 
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NMitioii of the related compoondB be ezpreaBed in formuls, 
Mscording to equivalents, the connection in each case be- 
comes obvious, even to him who knows no more of chem- 
istry than that C represents an eqoivalent or combining por- 
tion of carbon, H an equivalent of hydrogen, and O an 
equivalent of oxygen. 

Formula Fomrala 



or«c«UcMl<L ofaMehyda. of benoie add. of ofl of bitter almondi. 

C^H^O^. C^H40,. Ci4He04. Ci^HeO,- 

These formulae are exact expressions of the results of 
analysis, which, in each of the two cases quoted, refer to a 
fixed quantity of carbon ; in one to 4 equivalents, in the 
other to 14. They shew, that acetic acid differs from alde- 
hyde« and benzoic acid from oil of bitter almonds, only in 
the proportion of oxygen. 

Nor is it more difficult to understand the signification of 
the following formulo. 

Oyuaelkle. l eq. cyaaoric acid. 3 eq. hydrated cyanic acid. 

C.N^HjO, » Cy,(= CeN3)03+3HO = 3(CyO+HO)= 

= CeNaHaOe = CoNjHaOe. 

(In these formulse, N represents an equivalent of nitro- 
gen, and Cy an equivalent of cyanogen. This latter sub- 
stance being composed of 2 equivalents of carbon and 1 eq. 
of nitrogen, Cy = C,N.) 

The first formula (that of Cyamelide) is what is called an 
empirical formula, in which the relative proportions of the 
elements are, indeed, exactly known, but where we have not 
even a theory, far less any actual knowledge, of the or- 
der in which they are arranged. The second formuhi ii 
intended to express the opinion that 3 eq. of cyanogen 
(sss 6 eq. of carbon + 3 eq. of nitrogen) having 
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to form a compoiifid atom or aioleeiiley have eombined 
with 3 eq. of oxygen and 3 eq. of water, to form 1 eq« 
of hydrated cyanuric acid. The third expresses the order 
in which the elements are supposed to be arranged in hy- 
drated cyanic acid, the whole multiplied by 3. Each equi- 
valent of cyanic acid is formed of 1 eq. of cyanogen, 1 
eq. of oxygen, and 1 eq. of water ; and hence the same num« 
her of atoms of each element, which together formed 1 
eq. of cyanuric acid, is here so divided as to yield 3 eq. of 
cyanic acid. 

We have here, therefore, the same absolute and relative 
amount of atoms of each element, arranged in three diffe- 
rent ways ; yet in each of these the proportions of the 
elements, calculated for 100 parts, must of course be the 
same* It is easy, therefore, to see the advantage we pos- 
sess by the use of formulae ; that, namely, of exhibiting 
the relations existing between compounds of different com- 
position ; and that also of expressing the actual, probable, 
or possible differences between substances whose composi- 
tion, in 100 parts, is the same, while their properties, as in 
the case above quoted, are perfectly distinct. 

It does not come within our province, here to explain the 
method or rule by which the composition of a substance, 
in 100 parts (as it is always obtained in analysis), is express- 
ed in a formula ; we shall only describe the rule for calcu- 
lating, from a given formula, the composition in 100 parts. 
For this purpose it must be noted that C, in a chemical for- 
mula, signifies a weight of carbon expressed by the number 
76*437 (according to the most recent determinations 75*8 or 
76*0, a variation which has no effect whatever on the for- 
mulae here adduced, alt of which are calculated on the 
number 76-437) ; that H signifies a weight of hydrogen 
«= 12*478 ; N a weight of nitrogen ^ 177*04 ; and lastly, 
O a weight of oxvgen = 100. 

24* 
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The formula of proteiney CJSJBiJOw expresses, fkn- 
fore, 

48 timed 76*437 = 3668*88 carbon, 

6 times 177*040 = 1062-24 nitrogen, 
36 times 1 2*478= 449*26 hydrogen, 
14 times 100*000 = 1400*00 oxygen. 

The sum gives a weight of 6580*38 proteine^ 

Therefore — 

In 100 parts. 
In 6580*38 parts of proteine are contained 3668*88 carbon 55*743 
In 6580*38 ditto 1062*24 nitrogen 16*143 

In 6580*38 ditto 449*26 hydrogen 6*827 

In 6580*38 ditto 1400*00 oxygen 21*288 

100*000 

The actual results of analysis, reduced to 100 parts, 
when compared with the above numbers, will shew howfiir 
the assumed formula is correct ; or, supposing the formula 
ascertained, they will shew the degree of accuracy display. 
ed by the experimenter. Thus the proportions in 100 parts, 
calculated from the formula, furnish an important check to 
the operator, and, conversely, the formula calculated from 
his results, when compared with other known formulae, sup. 
plies a test of his accuracy, or of the purity of the sub. 
stance analyzed. 
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NOTE (1), p. 12. 
CONSUMPTION OP OXYGEN BY AN ADULT. 

An adult man 



According to 



in 21 hoars. 

/ • * 

cubic in. grains.. 

Lavoisier & Seguin 46,037 15,661 

Menzies . . 51,480 17,625 

Davy . . 45,504 15,751 

Allen and Pepys . 39,600 13,464 



/ • N Carbon contained 

consames of oxygen produces of carbonic in the 

acid in 24 hours. carbonic acid. 



cubic in. grains. grains. 
14,930 8,584 2,820 French. 

English. 
31,680 17,811 4,853 do. 
39,600 18,612 5^148 do. 





In 100 parts. 


Carbon . 


. 61-96 


Hydrogen 


. 7-25 


Nitrogen 


. 15-07 


Oxygen 


. 21-30 


Ashes . 


. 4-42 



NOTE (2), p. 13. 

COMPOSITION OF DRY BLOQD (see note 28). 

In 4-8 lbs. Hessian = 96,864 grains. 
19154-5 
2672-7 
5555-4 
7852-0 
1629-4 

100-00 36864-0 

GnUns. Grains. 

19154*5 carbon form, with 50539-5 oxygen, carbonic acid. 
2672-7 hydrogen do. 21415-8 do. water. 

Sum = 71955-3 do. 
Deduct oxygen present 1 __ ^g-g ^ 
in blood . . . > 

Remain 64103-3 grains of oxygen, required 
for the complete combustion of 4-8 lbs. of dry blood. 

It is assumed, in this calculatioD, that 24 lbs. of blood 
yidd 4*8 lbs. (20 per cent.) of dry residue. The remain- 
der, 80 per cent., is water. 
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day. The food, consisting of bread, potatoes, 
tils, peoae, beans, dtc, was weighed, with the utmost exact- 
ness, every day during a month (including even pepper, 
soil, and butter ;) and each article of food was separately 
subjected to ultimate analysis. The only exceptions, 
among the men, to the uniform allowance of food, were 
three soldiers of the guard, who, in addition to the daily 
allowance of 2 lbs. of bread, received, daring each of 
the periods allotted for the pay of the troops, 2^ lbs. 
extra ; and one drummer, who, in the same period, 
tef\ 2\ lbs. unconsumed. According to an appro.iimative 
report bv the sergeaot- major, each soldier consumes daily, 
on an average, out of barracks, 3 oz. of sausage, J oz. 
of butter, J pint of beer, and ^ pint of brandy ; the car> 
bon of which articles amounts to more than double that 
of the faces and urine laken together. In the soldier, 
the fceces amount daily, on an average, to 5| oz. ; they 
contain 75 per cent, of water, and the dry residue contains 
45'24 per cent, of carbon, and 13-15 per cent, of ashes. 
100 parts of fresh fxccs conscquonlly contain 11*31 per 
cent, of carbon, very nearly the same proportion as in 
fresh meat. In the calculation, the carbon of the faxes 
and of the urine has been assumed as equal to that of green 
vegetables, and of the food (sausages, butter, beer, &c.) 
consumed in the alehouse. 

From the observations, as recorded in the table, the fol. 
lowing conclusions are deduced. 

Fleth. — Meat devoid of fat, if reckoned at 74 per cent, 
water, and 26 per cent, dry matter, contains in 100 parts 
very nearly 13'6 parts of carbon. Ordinary meat contains 
both fat and cellular tissue, which together amount to ^ih 
of the weight of the meat as bought from the butcher. The 
number of ounces consumed (by 855 men) was 4,446| con- 
nsting, therefore, of 
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3812*5 oz. of flesh, free from fat, containiog of carbon 518*5 oz. 
635-5 oz. of &t and cellular tissue, ditto 449*0 oz. 



4448*0 oz. In all, carbon 967-5 oz. 

With the boDes, the meat, as purchased, contains 29 per 
cent, of fixed matter, including bones ; 4,448 oz. of flesh 
therefore contain 448 oz« of dry bones. These have not 
been included in the calculation, although, when boiled, they 
yield from 8 to 10 per cent, of gelatine, which is taken as 
food in the soup. 

Fat, — ^The- amount of fat consumed was 56 oz. ; which, 
the torbon being calculated at 80 per cent., contain in all 
44*8 oz. of carbon. 

LentUs^ pease^ cmd beans, — ^There were consumed 53*5 
OS. of lentils, 185*5 oz* of pease, and 218 oz. of beans. As- 
suming the average amount of carbon in these vegetables to 
be 97 per cent., the total quantity of carbon consumed in 
this form was 169*1 oz. 

Potatoes* — 100 parts of fresh potatoes contain 12*2 parts 
of carbon. In the 15*876 oz. of potatoes consumed, there- 
fore, the amount of carbon was 1936*85 oz. 

Bread, — 855 men eat daily 855 times 32 oz., besides 
36 lbs. of bread in the soup, which in all amounts to 27,936 
oz. 100 oz. of fresh bread contain, on an average, 30*15 
oz. of carbon ; consequently, the carbon consumed in the 
broad amounts to 8771*5 oz. 

The total consumption, therefore, was. 

In the meat .... 967*50 oz. of carbon 

In the fat 44-80 ditto 

In the lentils, pease, and beans . 169*10 ditto 

In the potatoes .... 1936-85 ditto 

In the bread .... 8771 -50 ditto 

Consumed by 855 men . 11689-75 ditto 

Consumed by 1 man . . . 13*9 ditto 
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The foees of a soldier weigh 5*5 oz., and eontam, in the 
fresh state, 11 per cent, of carbon. For 86 krentz«r (aboat 
2«. 5d. sterling) there may be bought, on an average, 172 
lbs. of vegetables, such as cabbages, greens, turnips, &c. : 
25 maas of sour krout weigh 100 lbs. ; and for 48^ kreutzer 
(Is, M, sterling) there are bought, on an average, 24j^ lbs* 
of onions, leeks, celery, ^c.*** 855 men consumed 

Of green vegetables . . • 2,802 oz. 

Of sour krout 1,600 

Of onions, 6cc 388 

In all *, 4,790 

And one man .... 5*6 oz. 

FcHT this reason, the carbon of the last mentioned articles 
of food has been assumed as equal to that of the faeces and 
urine. Sausages, brandy, beer, in short, the small quantity 
of food taken irregularly in the alehouse, has not been in- 
cluded in the calculation. 

The daily allowance of bread, being uniformly 2 lbs. per 
man, with the exceptions formerly mentioned, has not been 
inserted in the table, which includes only those matters of 
which, from the daily allowance being variaMe, an average 
was required. The small quantity of lu'ead in the table is 
that given in the soup, which is over and above the dady 
supply. 

• In the original table, the queoitities of these vegetables aie entered 
according to their value in kreutzers, but they are here calculated by 
weight from the above data, as this appeared better adapted fi>r com- 
parison in this coiintiy than the prices would have been. — ^Ed. 
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TABLE II.— Note (4), p. 14. a 



FOOD CONSUMED BY A HORSE IN TWENTY-FOUR HOURS. 



Articles of 
food. 


Weight 
in the 
fresh 
state. 


Weight 

in the 

dry 

state. 


Caibon. 


Hydro- 
gen. 


Oxy- 
gen. 


Nitro- 
gen. 


Salts & 
earthy 
mat- 
ters. 


Hay 
Oats 
Water 


7500 

2270 

16000 


6465 
1927 


2961-0 
977-0 


323-2 
123-3 


2502-0 
707-2 


97-0 
42-4 


581-8 
77-1 
13-3 


Total 


25770 


8392 


39380 


446-5 


3209-2 


139-4 


672-2 



EXCRETIONS OF A HORSE IN TWENTY-FOUR HOURS. 



Excretions. 


1;Veight 
in the 
fresh 
state. 


Weight 

in the 

dry 

state. 


Carbon. 


Hydro- 
gen. 


Oxy- 
gen. 


Nitro- 
gen. 


Salts 6c 
earthy 
mat- 
ters. 


Urine 
Excrements 


1330 
14250 


302 
3525 


108-7 
1364-4 


11-5 
179-8 


34-1 
1328-9 


37-8 
77-6 


109-9 
574-6 


Total 


15580 


3827 


1472-9 


191-3 


13630 


115-4 
139-4 


684-5 


Total from 
the previous 
part of this 
Table. 


25770 


8392 


3938-0 


446-5 


3209-2 


672-2 


Difference 


10190 


4565 


2465-1 


255-2 


1846-2 


240 


12-3 


-f- or — 


— 


— 


— 


— 


— 


- + 1 



a Boussingault, Ann. de Ch. et de Phy^., LXX., 136. The weights 
in this table are given in grammes. 1 gramme =: 15*44 grains Troy 
very nearly. 
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TABLE II.— Note (4), p. 14 (concluded.) 



FOOD CONSUMED BY A COW IN TWBNTY-FOUK HOURS. 



Articles of 
food. 


Weight 
in the 
fresh 
state. 


Weiffht 

in the 

dry 

state. 


Carbon 


Hydro- 
gen. 


Oxygen 


Nitro- 
gen. 


Salts 

and 

earthy 

matters. 


Potatoes 
After Grass 
Water 


15000 

7500 

60000 


4170 
6315 


1839-0 
2974-4 


241-9 
353-6 


1830-6 
2204-0 


50-0 
151-5 


208-5 

631-5 

50-0 


Total 


82500 


10485 


4813-4 


595-5 


4034-6 


201-5 


889-0 



EXCRETIONS OF A COW IN TWENTY-FOUS HOURS. 



Excretions. 

r 


Weight 

in the 

fresh 

state 


Weight 

in the 

dry 

state 


Carbon 


Hydro- 
gen. 


Oxygen 


Nitro- 
gen. 


Salts 

and 
earthy 
matters 


Excrements 

Urine 

Milk 


28413 
8200 
8539 


4000-0 

960-8 

1150-6 


1712-0 
261-4 
628-2 


208-0 
25-0 
99-0 


1508-0 
253-7 
321-0 


92-0 
36-5 
46-0 


480-0 

384-2 

56-4 


Total 


45152 


6111-4 


2601-6 


332-0 


2082-7 


174-5 


920-6 


Total of 

first part of 

this Table 


82500 


10485-0 


4813-4 


595-5 


4034-6 


201-5 


889-0 


Difierence 


37348 


4374-6 


2211-8 


263-5 


1951-9 


27-0 


31-6 


l+or- 


— 


— 


— 


— 


— 


— 


+ 
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NOTE (5), p. 1&- 

TEMPERATURE OP THE BLOOD AND FREaUENCYOP 

THE PULSE. 



Aocording to PreTost and Dmnas^ 
The frequency 

The mean , • » 

temperature is of the pulse of the re^intka 
F. in the minute, in the miante. 

In the Pigeon . . . 107-6° 136 34 

Common Fowl . . 106-7° 140 30 

Duck 108-6° 170 21 

Raven 108-5° 110 21 

Lark . . . . , 117-2° 200 22 

Siraia Callitriche . , 96-9° 90 30 

Guinea Pig . . . 100-4° 140 36 

Dog , 99-30 90 28 

Cat 101-3° 100 24 

Goat 102-5° 84 24 

Hare 100-4° 120 36 

Horse 98-2° 56 16 

Man 98-6° 72 18 

Man (Liebig) . . . 97-7° 65 17 

Woman (Liebig) . . 98-2° 60 15 

The temperature of a child is 102-2°. 

The temperature of the human body, in the mouth or in 
the rectum, for example, is from 97*7° to 98'6°. That of 
the blood (Majendie) is from 100*6° to 101*6°. As a mean 
temperature, 99*5° has been adopted in this work, page 19. 
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NOTE (6), p. 36. 

The prisoners in the house of arrest of Giessen receive 
daily IJ lb. of bread (24 oz.), which contain 7J oz. of car- 
bon. They receive, besides, 1 lb. of soup daily, and on 
each alternate day, 1 lb. of potatoes. 

1 J lb. of bread contains . . 7*25 oz. of carbon. 
1 lb. of soup contains . . 0*75 ditto 
i lb. of potatoes contains . . 1*00 ditto 

Total . . . 9-00 ditto, f 



NOTE (7), p. 43. 

COMPOSITION OF THE "PIBRINE AND ALBUMEN OF 

BLOOD, a 

Albumen from Serum of Blood. Fibrine. 

Scherer.' Scherer.' Mulder. 



r— ■ ^ 



I. II. III. I. II. III. 

Carbon 53-850 55-461 56097 53-671 54-454 5456 

Hydrogen .... 6983 7-201 6-880 ' 6-878 7069 6-90 

Nitrogen .... 15673 15-673 15681 15763 15762 15-73 

Oxygen 

Sulphur [ . . 23-494 21655 22-342 23688 22-715 22-82 

Phosphorus J 

a Annalen der Chem. und Pharm., XXVIII., 74, and XL., 33, 36. 

For additional analyses of animal fibrine and albumen, 
see Note (27), which also contains analysesf Q& the various 
animal tissues. 

t At page 36 the carbon contained in the daily food of these prisoners 
is calcidated at 8^ oz., and the appendix in the original makes the num- 
ber also 8-5, apparently by an error in adding up the above numbers, 
which yield the sum of 9 oz. Possibly there may be an error in excess 
in the proportion of carbon calculated for the soup, which, in that case,, 
ought to be 0*25 oz.- — Editor. 

25* 



294 APPENDIX. 



NOTE (8), p. 48. 

COMPOSITION OF VEGETABLE FIBRINE, VEGETABLE 
ALBUMEN, VEGETABLE CASEINE, AND VEGETA- 
BLE GLUTEN. 

Vkgbtablb Fibrins. Gluten, 

As obtained from 

wheat flour. 
Bherer.'a Jones. *6 Marcetc Bouaaiii- 

, « ^ guUt 

r. II. III. rv. I. II. 

Caibon 53064 54*603 51-617 53-83 55-7 53*5 

Hydrogen .... 7132 7302 7-491 702 14-5 150 

ITitrogen .... 15-359 15-809 15-809 1558 78 70 
Oxygen i 

Sulphur \ . . 24-445 22-285 22H)83 23-56 22-0 24*5 
Photphorus ) 

a Ann. der Chtm. und Phaim., XL., 7. 

h Ibid., XL., 65. 

c L. Gmelin's Theor. Chemie, II., 1092. 

Vegetable Albumen, a 

From Rye. Wheat. Gluten. Almonds. 

Jones.* Jones.* Varreatrapp ds WilL* Jones.* 

Carbon .... 54-74 55-01 54-85 57-03 

Hydrogen . . . 7-77 ' 7-23 6-98 7-53 

Nitrogen . . . 15-85 15-92 15-88 13-48 
Oxygen \ 

Sulphur > . 21-64 21-84 22-39 21-96 
Phosphorus J 

Boussinganlt Varrentrapp and WilL* 

Carbon .... 52-7 

Hydrogen ... 6-9 

Nitrogen .... 18-4 15-70 

Oxygen, &c. . . 22-0 — 

a Ann. der Chem. und Pharm., XL., 66, and XXXIX., 291. 
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Vboetablb Caseine. a 









Sulphate of Caseine 








and Potash. 




Beherer.* 


Jones.* 


Varrentrapp and Will. 


Carbon . • 


64-138 


55-05 


61-41 61-24 


Hydrogen . 


7-156 


7-59 


7-83 6-77 


Nitrogen . . 


15-672 


16-89 


14-48 13-23' 


Oxygen, &c. 


23-034 


21-47 





a Ann. der Chem. und Pharm., XXXIX., 291, and XL., 8 and 67. 

Vegetable Gluten. 

Jones. *a Boussingault. 



Carbon .... 55-22 64-2 62.3 

Hydrogen . . . 7-42 7-5 6-6 

Nitrogen .... 15-98 13-9 18-9 

Oxygen, kc, . • 21-38 24-4 22-3 

a Ann. der Chem. und Pharm., XL., 66. 
Tie pure gluten, analyzed by Jones, was that portion of 
the raw gluten from wheat flour which is soluble in hot al* 
cohol. The insoluble portion is vegetable fibrine, the analy- 
sis of which has been already given. 



NOTE (9), p. 51. 

COMPOSITION OP ANIMAL CASEINE. a 

Scherer. * 



From fresh 
imlk.^j 

I. 
54-825 



From sour From milk Albuminous amb- 
milk. by acetic acid, stance in mUk. b. 



.^m. 



II. 

54-721 



7-153 
16-628 



7-239 
15-724 



III. IV. 

54-665 64-580 

7-465 7-352 

15-724 15-696 



54-507 

6-913 

15-670 



22-394 22-316 22146 22-372 



22-910 



Carbon • 
Hydrogen 
Nitrogen . 
Oxygen } 
Sulphur $ 

a Ann. der Chem. und Pharm., XL., 40 et seq. 

b This substance, called, in German, zuger^ is contained in the whey 
of milk after coagulation by an acid. It is coagulated by heat, and 
very much resembles albumen. 
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Mulder, a 

Carbon 64-96 

Hydrogen 7'15 

Nitrogen 16-89 

Oxygen 21*73 

Sulphur 0-36 

Tl For the analysis of vegetable caseine, see the preceding note» 



NOTE (10), p. 64. 

AMOUNT OF MATTER SOLUBLE IN ALCOHOL IN THE 
SOLID EXCREMENTS OF THE HORSE AND COW. 
(WILL.*) 

18*3 grammes of dried horse-dung lost, by the action of 
alcohol, 0*995 gramme. The residue, when dry, had th& 
appearance of saw-dust, after it has been deprived, by boil- 
ing, of all soluble matter. 

14*98 grammes of dry cow-dung lost, by the same treat- 
ntxent, 0*625 gramme.. 



NOTE (11), p. 70. 
COMPOSITION OF STARCH, a 





Calculated 




Strecker.* 






From 


From From 


From 




C12H10O10. 


Peas. 


Lentila Beana. 


Buckwheat 


Carbon . 


. 44-91 


44-33 


44-46 44-16 


44-23 


Hydrogen 


. 6-11 


6-57 


6-54 6-69 


6*40 


Oxygen . 


. 48-98 


49-09 


49-00 49-1.5 


49-37 
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* 




SCreeker.* 




From maize. 


From liorae-chesnutB. From wheat. 


From rye. 


Carbon 


44-27 


44-44 44*26 


44-16 


Hydrogen 


6-67 


6-47 6-70 


6-64 


Oxygen 


4906 


49-08 49-04 


49-20 






SCreeker.* 


« 


* 




From From 


From 




From rice. 


dahlia roots. miripe apples. 


unripe pears. 


Carbon 


44-69 


44-13 44-10 


44-14 


Hydrogen 


6-36 


6-56 6-57 


6-75 


Oxygen 


48-95 


49-31 49-33 


49-11 




From 


potatoes. From arrow-root From yams, i 


/" 


Berzelioo. 


Gay Lussac & Thenard. Front. 


Ortigosa.* 


Carbon 


44-250 


43-55 44-40 


44-2 


Hydrogen 


6-674 


6-77 6-18 


6-5 


Oxygen 


49076 


49-68 49-42 


49-3 



a The starch employed for the analyses, made by Strecker and Orti- 
gosa, was prepared from the chemical laboratory at Griessen, from the 
respective seeds, bulbs, and fruits. 



NOTE (12), p. 71. 



COMPOSITION OF GRAPE SUGAR. (STARCH SUGAR.) 



From grapes.d^ From starch.^ From honey .c 
De Sanssure. Prout 



Carbon 36-71 
Hydrogen 6-78 
Oxygen 56-61 



37-29 

6-84 

55-87 



36-36 

7-09 

56-55 



a Ann. de Chimie, XI., 381. 
h Ann. of Philosophy, VI., 426. 
C Fhilosoph. Trans. 1827, 373. 



Calculated. 
C13H14O14. 

36-80 

7-01 

56-19 
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NOTE (13), p. 72. 
COMPOSITION OF SUGAR OP MILK. 



GayLcmac 








Calculated. 


and Thenard. Prout 


Brann. 


Berzelios. 


Liebig.* 


CuHliOil. 


Carbon 


38-825 4000 


40437 


39-474 


40-00 


40-46 


Hydrogen 


7-341 666 


6-711 


7-157 


6-73 


6-61 


Oxygen 


53834 53-34 

NC 


52-852 


53-359 


53^ 


52-93 




)TE (14), 


p. 72. 






COMPOSITION OF GUM. 








Gay Lossac 








Calcahted. 




and Thenard. 


GoebeL 


Berxelios. 




CuHuOii. 


Carbon 


42-23 


42-2 


42-682 




42-58 


Hydrogen 6'93 


6-6 


6-374 




6-37 


Oxygen 


60-84 


61-2 


60-944 




61*05 



NOTE (15), p. 74. 

ANALYSIS OF OATS (Boussingault). a 

100 parts of oats contain of dry matter 84-9 



Ditto 



water 



17-1 



100-0 



^ 100 parts of oats dried at 212° = 117-7 parts dried at the 
ordinary temperature, contain 

Carbon 

Hydrogen 



Oxygen 

Nitrogen 

Ashes 



Water 



50-7 
6-4 

36-7 
2-2 
4-0 

100-0 
17-7 



Oats dried in the air 117*7 contain, in 100 parts, 

1-867 of nitrogen. 
a Ann. de Chimie et de Phys.^ LXXI., 130. 
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Analysis of Hay. 

100 parts of hay dried Id the air contain 86 of dry matter, 

14 of water. 

100 

100 parts of hay dried at 212<' = 116*2 parts dried in air, 
contain 

Carbon . . 45-8 



Hydrogen 
Oxygen 
Nitrogen 
Ashes . 



6-0 

38-7 

1-5 

9-0 

100-0 
16*2 water, 



116*2 hay dried in the air. 

100*0 of hay dried at the ordinary temperature contain 1*29 of 
nitrogen. 

240 oz. of such hay =15 lbs. contain . . . 3*095 oz. of nitrogen. 
72 oz. of oats = 4i lbs. contain . . . 1*34 ditto 



Total . . . 4*435 



ditto 



NOTE (16), a, p. 77. 
AMOUNT OF CARBON IN FLESH AND IN STARCH. 

100 parts of starch contain 44 of carbon ; therefore, 64 
oz. (4 lbs.) contain 28*16 oz. of carbon. 

100 parts of fresh meat contain 13*6 of carbon (see Note 
in.); hence 240 oz. (15 lbs.) contain 32*64 oz. of car- 
bon.:^ 

t By an error in calculation in the original, the amount of carbon in 
15 lbs. of meat is stated to be 27*64 oz. It follows, that the carbon of 
4 lbs. of starch is not equal, as stated in the text, to that of 15 lbs. of 
flesh, but to that of 13 lbs. This difference, however, is not sufficient 
to affect the argument at p. 84. — ^Editor. 
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NOTE (16), b, p. 84, 





COMPOSITIOir OF 






Hog's Lard. 


Mutton fat 
Che^reu]. a 


Human £b1 


Carbon 


. . 79-098 


78-996 


79-000 


Hydrogen 


. 11-146 


11-700 


11-416 


Oxygen 


. . 9-756 


9-304 


9-584 


a Recherches Cbim., sur les 


corps gras. Paris. 


1823. 



NOTE (17), p. 84. 
COMPOSITION OF CANE SUGAR. 



According to 
BerzelioB. ProuL W. Crum. Liebig.* 

42-225 42-86 42-14 42-301 
6-600 6-35 6-42 6-384 
Oxygen . 51-175 50-79 51-44 51-315 

For the composition of gum and of starch, see Notes (14) 
and (11). 



Carbon . 
Hydrogen 



Gay Lussac Calcabted 
&Theaard. CisHiiOiL 

42-47 42-58 

6-90 6-37 

50-63 5105 



NOTE (18), p. 85. 
COMPOSITION OF CHOLESTERINE. 



Carbon . . 


According to 
Chevreul. a Couerbe. b Marchand. 

. . 85-095 84-895 84-90 


Calculated 
CasHaaO. 

84-641 


Hydrogen . . 
Oxygen • . 


. . 11-880 12-099 12-00 
. . 3-025 3-006 3-10 


12-282 
3-077 



a Recherches sur les corps gras, p. 185. 
b Ann. de Ch. et de Phys. LVI., p. 164. 
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NOTE (19), p. 87. 

THE PRODUCTION OF WAX FROM SUGAR, a 

As soon as the bees have filled their stomach, or what 
is called the honey bladder, with honey, and cannot de- 
posit it for want of cells, the honey passes gradually in 
large quantity into the intestinal canal, where it is di- 
gested. The greater part is expelled as excrement ; the 
rest enters the fluids of the bee. In consequence of this 
great flow of juices a fatty substance is produced, which 
oozes out on the eight spots formerly mentioned, which 
occur on the four lower scales of the abdominal rings, 
and soon hardens into laminae of wax. On the other 
hand, when the bees can deposit their honey, only so 
much enters the intestinal canal as is necessary for their 
support. The honey bladder need not be filled with 
honey longer than forty hours in order to bring to maturi- 
ty, on the eight spots, eight laminae of wax, so that the 
latter fall ofl. I made the experiment of giving to bees, 
which I had enclosed in a box with their queen about the 
end of September, dissolved sugar-candy instead of hodley. 
Out of this food laminae of wax were formed ; but these 
would not separate and fall ofl* readily, so that the mass, 
which continued to ooze out, remained, in most of the 
bees, hanging to the upper laminae : and the laminae of 
wax became as thick as four under ordinary circum- 
stances. The abdominal scales of the bees were, by 
means of the wax, distinctly raised, so that the waxen 
laminae projected between them. On examination, I 

a From F. W. Gundlach's Natural History of Bees. p. 115. Cassd, 
1842. We aze acquainted with no more beautiful or convincing proof 
of the formation of fatty matter from sugar than the following process 
of the manu&cture of wax by the bee as taken from observation. 

26 



309 AFPENDI^C 

Ibund that theso thick lamiase, which 
BCope exhibited several lamclliE, had a sloping surface 
downnacda near the head, and upwards in the vicinity of 
the tail. The first waxen lamina, therefore, must have 
been pushed downwards by the second, because, where 
the abdominal scales are attached to the skin, there is no 
space for two laminie, the second by the tliird, and thua 
the inclined surfacea on the sides of (he thick laminre had 
been produced. I saw distinctly from this, that the first 
formed lainiaaa aro detached by those which follow. The 
sugar had been converted into wax by the bees, but it would 
seem that there was some imperfection in the process, aa 
the laminiB did not fail off, but adhered to the succeeding 

In order to produce wax in the manner described) the 
bees require no pollen, but only honey. I have placed, 
even in October, bees in an empty hive, and fed them with 
honey ; they soon formed comb, although the weather was 
such that they could not leave the hive. I cannot, there- 
fore, believe that pollen furnishes food for the bcea, but 1 
think they only swallow it in order, by mixing it with ho. 
neymnd wafer, to prepare the liquid food for the grubs. 
Besides, bees often starve in April, when tbeir stock of ho- 
ney is consumed, and when they can obtain in the fields 
abundance of pollen, but no honey. When pressed by 
hunger they tear tho nymphse out of the cells, and gnaw 
them in order to support life by the sweet juice which they 
contain. But, if in this condition they are not artificially 
fed, or if the fields do not soon yield their proper food, they 
die in the course of a few days. Now, if the pollen were 
really nourishment for bees, they ought to be able to support 
life on it, mixed with water. 

Bees never build honeycomb unless they have a queen, 
or are provided with young out of which they coD 
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a queen. But if bees be shut up in a hive without a queen, 
and fed with honey, we can perceiye in forty-eight hours 
that they have laminae of wax on their scales, and that some 
have even separated. The building of cells is therefore 
voluntary, and dependant on certain conditions, but the 
oozing out of wax is involuntary. 

One might suppose that a large proportion of these lami- 
nsB must be lost, since the bees may allow them to fall off, 
out of the hive as well as in it ; but the Creator has wisely 
provided against such a loss. If we give to bees engaged 
in building cells honey in a flat dish, and cover the dish 
with perforated paper, that the bees may not be entangled in 
the honey, we shall find, after a day, that the honey has dis- 
appeared, and that a large number of laminae are lying on 
the paper. It would appear as if the bees, which have car- 
ried off the honeyj had let fall the scales ; but it is not so. 
For, if above the paper we lay two small rods, and on 
these a board, overhanging the dish on every side, so that 
the bees can creep under the board and obtain the honey, 
we shall find next day the honey gone, but no laminae on. 
the paper ; while laminae will be found in abundance on the 
board above. The bees, therefore, which go for and bring 
the honey, do not let fall the laminae of wax, but only 
those bees which remain hanging to the top of the hive. 
Repeated experiments of this kind have convinced me 
that the bees, as soon as their laminae of wax are ma- 
ture, return to the hive and remain at rest, just as 
caterpillars do, when about to change. In a swarm that 
18 actively employed in building we may see thousands 
of bees hanging idly at the top of the hive. These are 
all bees whose laminae of wax are about to separate. 
When they have fallen off, the activity of the bee re- 
vives, and its place is occupied for the same purpose by 
another. 
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(From page ZS of the Rune work.) In order totu 
how mucli honey bees require to form was, and bow often, 
inn swELTdi engaged in building, the )ainin» attain maturity 
and fall off, 1 made the following experiment, which appeon 
to me not uniDteresling. 

On the Smh of August, 1841, at a time when (be bote 
could obtain in this dislrict no farther sup|dy of honey Irom 
the fields, 1 emptied a small hive, placed (he bees in a email 
wooden hive, having first selected the queen bee, and sbul 
her up in a box, furnished with wires, which I placed in tlic 
only dour of the hive, so tlmt no embryos could enter Uie 
cells. 1 then placed the hive in a window, that 1 might be 
able to walch it. 

At 6 p. u. I gave the bees 6 oz. of honey run from the 
closed cells, which liad thus the exact consistence of 
freshly made honey. This had ditiappeared next morning. 
In the evening of the 30lh I gave the bees 6 oz. more, 
which, in like manner, was removed by the next morning; 
but already some lamina; of wax were seon lying on the 
paper with which iho honey was covered. On theSlit 
August and tbo lat September (lie bees had in the even- 
ing 10 oz., and on the 3rd of September in the eveiHng 
7 oz. ; in all, thorofore, 1 lb. 18 oz. of boney, which luul 
run cold out of colls which the bees had already closed. 
On the 5th of September I stupified the bees, by means 
of puS'-ball, and counted them. Their number was 2,765, 
and they weighed 10 oz. I next weighed the hive, the 
combs of which were well tilled with honey, but the cells not 
yet closed ; noted ihe weight, and then allowed (he honey 
to be carried off by a strong swarm of bees. This wu 
completely effected in a few hours. I now weighed it ■ 
second time, and found it 12 oz. lighter ; consequently the 
bee« still had in the hive 12 oz. of the 2S oz. of honey 
given to them. I nest extracted the combs, a 
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that their weight was f of an ouDce. I then placed the 
bees in another box, provided with empty combs, and fed 
them with the same honey as before. In the first few days 
they lost daily rather more than 1 oz. in weight, and after« 
warda half an ounce daily, which was owing to the circum- 
stance, that frcnn the digestion of so much honey, their 
intestinal canal was loaded with excrements; for 1,170 
bees, in autumn, when they have been but a short time con- 
fined to the hire, weigh 4 oz. ; consequently 2,765 bees 
shoold weigh 9 oz. But they actually weighed 10 oz., and 
therefore had within them 1 oz. of excrement, for their 
honey Madders were empty. During the night the weight 
of the box did not diminish at all, because the small quanti- 
ty of honey the bees had deposited in the cells, having 
already the proper connstence, could not lose weight by 
evaporation, and because the bees could not then get rid of 
their excrements. For this reason, the loss of weight oc- 
curred always during the day. 

If, then, the bees, in seven days, required S^ oz. of 
honey to support and nourish their bodies, they must have 
consumed ISj- oz. of honey in forming | of an ounce of 
wax ; and consecfuently, to form 1 lb. of wax, 20 lbs. of 
honey are required. This is the reason why the strongest 
swarms in the best honey seasons, when other hives, that 
have no occasion to build, often gain in one day 3 or 4 lbs* 
in weight, hardly become heavier, although their activity is 
boundless. All that they gain is expended in making wax. 
This is a hint for those who keep bees, to limit the build- 
ing of c<»nbi. Cnauf has already recommended this, al- 
though he was not acquainted with the true relations of the 
subject. From 1 oz. of wax, bees can build cells enough 
to contain 1 lb. of honey. 

100 laminflB of wax weigh 0*024 gramme (rather more 
than ^ of a grain), consequently, 1 kilogramme (as 15,30<) 

26* 



ao6 

grains) will contain 4,166,666 lamins. Hence, f of all 
ounce will contain 81,367 kmine. Now this quantity 
was produced by 2,765 bees in six days ; 00 tbat the bee 
requires for the formation of its 8 laminie (one cn^) 
about thirty ^eight hours, which agrees very well with my 
observations. 

The laminae, when formed, are as white as bleached 
wax. The cells also, at first, are quite white, bat they are 
cc4oured yellow by the honey, and still more by the pollen. 
When the cold weather comes on, the bees retire to the 
hive under the honey, and live on the stock they have ac- 
cumulated. 

P. 54. Many believe that bees are hybemating ani* 
mals ; but the opinion is quite erroneous. They are lively 
throughout the winter ; and the hive is always warm 
in consequence of the heat which they generate. The 
more numerous the bees in a hive, the more heat is de- 
veloped ; and hence strong hives ^can resist the most in- 
tense cold. It once happened that I forgot to remove from 
the door, which was unusually large, of a hive in winter, 
a perforated plate of tinned iron, which I had fastened 
over the opening to diminish the heat in July ; and yet 
this hive came well through the winter, although the cold 
was very severe, having been for several days so low 
as 0°. But I had added to this hive the bees of two other 
hives ! When the cold is very intense, the bees begin to 
hum. By this means respiration is accelerated and the 
developement of beat increased. If, in summer, bees with- 
out a queen are shut up in a glass box, they become uneasy 
and begin to hum. So much heat is by this means de- 
veloped, that the plates of glass become quite hot. If the 
door be not opened in this case, or if air be not admitted^ 
and if the glass be not cooled by the aid of water, the bees 
are soon sufibcated< 



ANALYTICAL EVIDENCE. 307 

COMPOSITION OP BEES' WAX. 

^iteSSdM ^« Saussure.6 Oppermann.c Ettling.d Hes8.e cSISmo!* 
Carbon 81-784 81-607 81-291 81-15 81-52 81-38 
Hydrogen 12-672 13-859 14-073 13-75 13-23 13-28 
Oxygen 5-544 4-534 4-636 5-09 5-25 5-34 

a TraiW de Chimie, par Thfinard, 6"^- Ed.. IV., 477. 

b Ann. de Ch. et de Phys., XIII., 310. 

c Ibid. XLIX., 234. 

d Anna], der Pharm., II., 267. 

e Ibid. XXVII., 6. 



NOTE (21) a, p. 104. 

COMPOSITION OF HYDRATED CYANURIC ACID, OR 

HYDRATED CYANIC ACID, AND OP CYAMELIDE, IN 

100 PARTS, ACCORDING TO THE ANALYSIS OP 

W0HM:R AND LIEBIG.* a 

Cyanuric acid, cyanic 
acid, cyamelide. 

Carbon . . . 28-19 

Hydrogen . . . 2-30 

Nitrogen . . . 32-63 

Oxygen . . . 36-87 

a Poggendorff's Annalen, XX., 375 et seq. 



NOTE (21) b, p. 104. 

COMPOSITION OF ALDEHYDE, METALDEHYDE, AND 

ELALDEHYDE. a 

Aldehyde. Metaldehyde. Elaldehyde. Calculated 

Liebig.* Fehllng.* C4H«0«. 

Carbon 55-024 54-511 54-620 54-467^ 55-024 
Hydrogen 8-983 9-054 9-248 9-075 8.983 

Oxygen 35-993 36*435 36-132 36-458 35-993 

a Ann. der Pharm., XIV., 142, und XXVIL, 319. 
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NOTE (22), p. 105. 
COMPOSITION OF PROTEINE. 





Bcherer.* a 


From Sbtine. 


Carbon 


. 56-300 55-100 


64-848 


Hydrogen . 6-940 7-055 


6.959 


Nitrogen . -16-216 15-966 


15-847 


Oxygen 


• 21-644 21-819 


22,346 




Scherer.'a 


Calculated 
C48H36NW14. 




From hair. From horn. 


Carbon 


54-746 56-150 55-408 54-291 


66-742 


Hydrogen 


7-129 7-197 7-238 7-082 


e-827 


Nitrogen 


15-727 15-727 15-593 15-593 


16-143 


Oxygen 


22-398 21-926 21-761 23-034 
a Aim. der Chlm. nnd Phana., XL., 43, 


21-228 


^^idh^^^^ From llbrme. From albumen. 


From cheese. 




Mulder, a 




Carbon 


64-99 65-44 66-30 


65-169 


Hydrogen . 


6-87 6-95 6-94 


7-176 


Nitrogen 


15-66 16-05 16-02 


15-857 


Oxygen 


22-48 21-56 21-74 
a Ann. der Pharm., XXVIII^ 75, 


21-808 



NOTE (23), p. 107. 

COMPOSITION OF THE ALBUMEN OF THE YOLK AND 
OF THE WHITE OF THE EGG, a 





From the yolk. 


Fh>m the whiter 






Jones.* 




Scherer.* 




I. 




a 




Carbon 


. 53-72 




63-45 


55-00(> 


Hydrogen 


. 7-55 




7-6e 


7-073 


Nitrogen . 


. 13-60 




13*34 


16-92() 


Oxygen 


\ 








Sulphur 


V 25-13 




25-55 


22-007 


Phosphorus 


J 








« Amu der Chem. und Phana. XL.> 36, ilwi 67. 



ANALYTICAL EVIDENCE. 309 

NOTE (24), p. 111. 

COMPOSITION OF LACTIC ACID. 

CgHsO^. 

Carbon 4490 

Hydrogen 611 

Oxygen 4899 

NOTE (25), p. 115. 

GAS FROM THE ABDOMEN OF COWS AFTER EATING 
CLOVER TO EXCESS, OBTAINED BY PUNCTURE. 

a Examined by Lameyran and Fremy. h By VogeL 
c By Pfluger. 

Air. Carbonic acid. Inflammable gas. Sulphuretted hydrogen. 

fl 5 5 — 15 80 Vol. in 100 Vol. 

* 25 --27 48 — 

c — — 60 40 — 

c — — 20 80 — 

NOTE (26), p. 118. 

MAGENDIE FOUND IN THE STOMACH AND INTES- 
TINES OF EXECUTED CRIMINALS: 

a In the case of an individual who bad taken food in 
moderation one hour previous to death ; &, in the case of 
one who had done so two hours previously ; and c, in the 
case of a third, who had done so four hours previous to ex- 
ecution. 

100 Volumes of the gas contained. 

Oxygen. Nitrogen. Carbonic Inflammable 

acid. gas. 

r From the Stomach 1100 Vol. 71*45 1400 3 55 

a\ — small intestines .... 0000 2003 2439 5553 

C — large intestines .... 0000 5103 4350 547 

r From the stomach ,...0000 0000 0000 0000 

b\ — small mtestines.... 0000 885 4000 5115 

C — large intestines .... 00 00 . 18-40 7000 11-60 

. From the stomach 0000 0000 0000 0000 

c) — small mtestines .... 0000 66-60 2500 840 

( — large intesUnes .... 0000 4596 42-86 1118 
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NOTE (27), referred to in NOTE (7), p. 43. 



AND OF 




IFFERENT TISSUES OF 1 




9 


THK D 


L'HE BC 


)DY. 




1. At.rume^c. 








Tnm the semm of Mood. 


FromeBP* 


Framyolkof egf- 




Soberer.* a 




Jones.* 6 

* 


I. 


II. 


in. 


rv. 


v. 


VI. 


Carbon. . . . S3-850 


55-461 


55-097 


55O00 


53-72 


5345 


Hydrogen . . 6*963 


7-301 


6880 


7Hn3 


7^ 


7-66 


Nitrogen . . . 15-673 


15-673 


15681 


15^20 


13^ 


1334 


Oxygen. . ."^ 




f 








Sulphur . . . }.23-494 


21-655 


22-3^ 


22H)07 


2513 


2555 


Phosphorus J 












a Ann. der Chem. und Phann., XL., 36 


• 




b Ibid. 67. 










Jones.* 




Scherer.* 






From 


1?W\V¥% 


From 






From 


albumen 
of brain. 


from 
hydrocele. 

VIII. 


congestive 
abscess. 

f 
IX. 


From] 


pus. 


flaid of 
dropsy. 


• 

VII. 


X. 


ZI. 


XII. 


Carbon . . . 55-50 


54-921 


54-757 


54663 


54101 


W-302 


Hydrogen. . 719 


7077 


7171 


7-022 


6-947 


7176 


Nitrogen. . . 16-31 


15-465 


15-848 


15839 


15660 


15-717 


Oxygen. . .' 














Sulphur. . . 


21-00 


22-537 


22224 


22-476 


23 292 


22805 


Phosphorus 















Mulder, a 

Carbon 54^ 

Hydrogen 7*09 

Nitrogen 15^ 

Oxygen 21-23 

Sulphur 0-68 

Phosphorus 0*33 

a Ann. der Pharm. XXVIIL, 74. 
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2. FiBRINE. 

Scherer.'a 
* * , 

I. II. III. IV. V. VI. VII. 

CaAon . . . 53-671 54-454 55 002 54 967 53-571 54 686 54 844 

Hydrogen . . 6-878 7-069 7-216 6-867 6895 6-835 7 219 

Nitrogen . . . 15763 15762 15-817 15 913 15 720 15-720 16 065 
Oxygen j 

Sulphur ( 23-688 22-715 21-965 22-244 23-814 22759 21 872 
Phosphorus ) 

a Ann. der Chem. und Pharm., XL., 33. 

Carbon. 54*56 

Hydrogen 690 

Nitrogen 1572 

Oxygen 2213 

Sulphur 0-33 

Phosphorus 036 

a Ann. der Pharm., XXVIII., 74. 



3. Gelatinous Tissues. 



Scherer.* a 



t " k 

I.I1..1.M Tendons of the Tunica Calculated. 

""'•'■^ calf's foot. scleroUca. CisHiiNTiOis. 



, ^ ^ 



Carbon. . . 50-557 49-563 50-960 50-774 50-995 50.207 

Hydrogen. 6-903 7148 7188 7152 7075 7001 

Nitrogen. . 18-790 18-470 18 320 18-320 18723 18170 

Oxygen . . 23-750 24-819 23-532 23-754 23-207 24-623 

A Ann. der Chem. und Pharm., XL., 46. 

Mulder. 

Carbon 5004J 50-048 

Hydrogen 6477 6-643 

Nitrogen 18350 18-388 

Oxygen 25 125 24-921 



312 



APPEKDi:t. 



4. Tissues coHTAiviiie CHOiiDRiNE. 









fleherer.'a 

A 




Calcalated. 
C48H4oNcOao. 

50-745 

6^04 

14692 

27-669 






Cartj 
ribe 


lag es of the 
of the calf: 

A 

50-895 

6^62 

14-908 

27-235 


1 

Cornea. 

49522 

7097 

14399 

28-982 


Holder. 


Carixm 

Hjrdrogen 

Nitrogen 


49^496 

7133 

41^908 

28463 


50.607 

6-578 

14-437 

28-378 


Oxygen 



a Ann. der Chem. and Pharm., XL., 49. 



5. Composition of the Middle Membrane of A.rteries. 



8cherer.*a 

>- - 



Carbon 
Hydrogen 
Nitrogen 
Oxygen 



L 

53 750 

7079 

15360 

23 811 



XL 

53 393 

6973 

15-360 

24-274 



Calculated. 

C48H38NsOiC 

53-91 

696 

15.60 

23-53 



a Ann. der Chem. and Pharm., XL., 51. 



6. Composition of Hornt Tissues. 



8cberer.*a 



Hair of the bead. 
Fair. Brown. Black. 



Carbon 

Hydrogen 

Nitrogen 

Oxygen) 
Sulphur ) 



External skin Hair of 
of the sole of the foot the beard. 

51-036 50752 51-529 50-652 49-345 50-622 49935 

6801 6-761 6687 6 769 6576 6-613 6631 

17225 17225 17936 17936 17^36 17936 17936 

24938 25-262 23-848 24643 26143 24-829 25498 



Scherer.'a 



Boffak) bora. 

-*■ 



-X Calculated. 



Naila. Wool. C48H89NiOi7 



Carbon 
Hydrogen 
Nitrogen 
Oxygen) 
Sulphur ) 



51-990 51162 51-620 51540 51-089 50-653 51-718 

6-717 6-597 6754 6779 6-824 7029 6860 

17^84 17-284 17-284 17-284 16-901 17710 17469 

24-009 24-957 24342 24-397 25186 24-606 23-953 



a Ann. der Chem. und Phaim., XL., 63. 
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The composition of the memhrane lining the interior of 
the shell of the egg approaches closely to that of horn. Ac- 
cording to Scherer, it contains 

Scherer.'a 

Carbon 50674 

fi[ydrogon . , 6 668 

Nitrogen 16-761 

B:& 25.557 

a Ann dor Chem. und Pharm., XL., 60. 

The composition of feathers is also nearly the same as 
that of horn. 





Scherer.* a 

A 




Carbon . . 
Hydrogen . 
Nitrogen 
Oxygen . . 


r 

Beard ofthe 
feather. 

. . 50-434 

. . 7-110 

. . 17-682 

. . 24-774 


Quill ofthe 
feather. 

52-427 

7 213 

17893 

22467 


Calculated. 
C48H*N70I«. 

52-457 

6958 

17-719 

22-866 



The analysis here given of the beard of feathers agrees 
closely with that of horn, while that of the quill is more ac- 
curately represented by the attached formula, which differs 
from that of horn by 1 eq. of oxygen only. 

a Ann. der Chem. und Pharm., XL., 61. 



7. Composition of the Pigmentum nigr"dm Oculi. 







Scherer.'a 

A 




Carbon . 


. . . 58273 


58-672 


57-908 


Hydrogen 


. . . 5-973 


5-962 


5-817 


Nitrogen 


. . . 13-768 


13-768 


13-768 


Oxygen . 


. . . 21-986 


21-598 


22-507 



a Ann. der Chem. und Pharm., XL., 63. 
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NOTE (28), p. 133. 

According to the analyses of Playfair and Boeckmann, 

0*452 parts of dry muscular flesh gave 0-836 of carbonic acid. 

0-407 0-279 of water. 

0-242 0-450 ofcarb. acid Ac 0-164 water. 

0-191 0-360 .... 0-130 

0*305 of dried blood gave 0*575 carbonic acid and 202 of water. 

0-214 0402 0.138 

1*471 of dried blood, when calcined, left 0-065 of ashes =. 4-42pr.ceot 
The dried flesh waH found to contain of ashes 4-23 pr. cent 

The nitrogen was found to be to the carbon as 1 to 8 in cqaivaleots 

Hence 

Flesh (beef). Ox-blood. Blood. 

Playfair. Boeckmann. Playfair. BoBckmann. Mean of 2 analyses. 

Carbon . . . 51-83 51-89 51-95 51 96 51-96 

Hydrogen . 7-57 7 59 7-17 7-33 7 25 

Nitrogen . . 15-01 15 05 1507 15 08 15-07 

Oxygen . . 21-37 21-24 21 39 21-21 2130 

Ashes . . . 4 23 4-23 4-42 4-42 4 42 

Deducting the ashes, or inorganic matter, the composi- 
tion of the organic part is, 

Carbon .... 54 12 54-18 5419 5420 

Hydrogen . . . 7-89 7-93 7-48 7*65 

Nitrogen . . . 15-67 15-71 15-72 15-73 

Oxygen .... 22 32 22 18 22-31 22-12 

This corresponds to the formula 

C48 54-62 

H39 7-24 

N, 15-81 

0,5 22-33 



ANALYTICAL EVIDENCE. 



316 



NOTE (29), p. 134. 



COMPOSITION OF CHOLEIC ACID, a 



Demargay. Dumas. 
Carbon . . 63707 63 5 


Calculated 
CTeHegNsOst. 

63-24 


Hydrogen . 8 821 9 3 
Nitrogen . . 3 255 3-3 
Oxygen . . 24-217 23 9 


8-97 

386 

2395 


a Ann. der Pharm., XXvXl., \S&1 and 293. 





NOTE (30), p. 135. 



COMPOSITION OF TAURINE AND OF CHOLOIDIC ACID. 





1. Taurine. 


a 




Carbon 


Demargay.* 
. 19-24 


Dumas. 
1926 


Calculated 
C4H7NO10. 

19-48 


Hydrogen 
Nitrogen • 
Oxygen . 


. 5-78 
• 11-29 
. 6369 


5 66 
1M9 
63-89 


5-57 
1127 
6368 



a Ann. der Pharm., XXVII., 287 and 292. 



2. Choloidic Acid, a 



Demar^ay.* 





/ '• ^ 


II. 


Dumas. 


Calculated. 

CseHsflOii. 


Carbon . 


. 73301 


73-522 


73-3 


74-4 


Hydrogen 


. 9511 


9-577 


9-7 


9-4 


Oxygen . 


. 17188 


16 901 


17-0 


162 



a Ann. der Pharm., XXVn., 289 and 293. 



In refe^encc to the researches of DemarQay on the bile I 
would make the following obseryationSf 
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The matter to which I have given the name of chdeie 
acid is the bile itself separated from the inorganic constitu- 
ents (salts, soda, d^c.) which it contains. By the action 
of subacetate of lead aided by ammonia, all the organic 
constituents of the bile are made to unite with oxide of 
lead, with which they form an insoluble, resinous precipi- 
tate. The substance here combined with oxide of lead con- 
tains all the carbon and nitrogen of the bile. The sub- 
stance which I have named choloidic acid is that which is 
obtained, when the bile, purified by alcoh(^ from the sub- 
stances insoluble in that fluid, is boiled for some time with 
an excess of muriatic acid. It contains all the carbon and 
hydrogen of the bile, except those portions which have sei 
parated in the form of taurine and ammonia. The choilii 
acid contains the elements of bile, minus those of carbonate 
of ammonia. 

These three compounds, therefore, contain the products 
of the metamorphosis of the entire bile ; their formulas ex- 
press the amount of the elements of the constituents of the 
bile. No one of them exists ready formed in the bile in 
the shape in which we obtain it ; their elements are com- 
bined in a different way from that in which they were 
united in the bile ; but the way in which these elements are 
arranged has not the slightest inference on the determina- 
tion by analysis of the relative proportions of the elements. 
In the formulae themselves, therefore, is involved no hy- 
pothesis ; they are simply expressions of the results of 
analysis. It signifies nothing that the choleic or choloi- 
dic acids may be composed of several compounds united 
together. No matter how many such they may contain, 
the relative proportions of all the elements taken together 
is expressed by the formula which is derived from the 
analysis. 

The study of the products which are produced from the 
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bile by the action of the atmosphere, or of chemical re* 
agents, may be of importance in referoDce to certain pa- 
thological conditions ; but except as concerns the general 
character of the bile, the knowledge of these products is of 
no value to the physiologist ; it is only a burthen which im- 
pedes his progress. It cannot be maintained of any one of 
the 88 or 40 substances, iuto which the bile has been divid- 
ed or split up, that it exists ready formed in the healthy 
secretion ; on the contrary, we know with certainty that 
most of them are mere products of the action of the re- 
agents which are made to act on the bile. 

The bile contains soda ; but it is a most remarkable and 
singular compound of soda. When we cause that part of 
the bile which dissolves in alcohol (which contains nearly 
all the organic part) to combine with oxide of lead, thus 
separating the soda, and then remove the oxide of lead, we 
obtain a substance, choleic acid, which, when placed in 
contact with soda, forms a compound similar to bile in its 
taste ; but it is no longer bile ; for bile may be mixed 
with organic acids, nay, even with dilute mineral acids, 
without becoming turbid or yielding a precipitate; while 
the new compound, choleate of soda, is decomposed by the 
feeblest acids, the whole of the choleic acid being separated. 
Hence, bile cannot be considered, in any sense, as choleate 
of soda. Further, it may be asked, in what form are the 
cholesterine, and stearic, and margaric acids, which are 
found in bile, contained in that fluid ? Cholesterine is in- 
soluble in water, and not saponifiable by alkalies ; and if 
the two fatty acids just named were really present in the 
bile as soaps of soda, they would be instantly separated by 
other acids. Yet diluted acids cause no such separation of 
stearic and margaric acids in bile. 

It is possible that, in the course of new and repeated 
investigations, the composition of the substances obtained 

27* 
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from bile may be found different from that which has beeo 
given in our analytical developement of this subject. 
But this, if it should happen, can have but little effect on 
our formulae ; if the relative proportions of carbon and 
nitrogen be not changed, the differences will be confiiied 
to the proportions of oxygen and hydrogen. In that case 
it will be necessary for the developement of our views in 
formulse, only to assume that more water and oxygen, or 
less water and oxygen, have taken a share in the meta- 
morphosis of the tissues; but the truth of the develope- 
ment of the process itself will not be by this means af- 
fected. 
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NOTE (31), p. 135. 
COMPOSITION OF CHOLIC ACID, a 





Dumas. 


CalcnlaTed C74H60O18L 


Carbon 


. 68-5 


68-9 


Hydrogen . 


. 9-7 


9-2 


Oxygen 


. 21-8 


21-9 


a 


Ann. der Pharm. XXVII, 


,295. 



NOTE (32), p. 137. 

COMPOSITION OF THE CHIEF CONSTITUENTS OF 
THE URINE OF MEN AND ANIMALS. 







1. Uric Acid, 






Liebig."a 


Mitscherlich. b 


Calculated C10H4N4O6. 


Carbon 


. 30-083 


35-82 


36-00 


Hydrogen 


. 2-441 


2-38 


23-6 


Nitrogen 


. 33-361 


34-60 


33-37 


Oxygen. 


• 28-126 


27-20 


28-27 




a Ann. der Phann., X., 47. 






b Poggendorff's Ann., XXXIII., 335. 
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2. Alloxan, a 

A PRODUCT OF THE OXIDATION OF URIC ACID. 

WahlerandLiebig.* Calculated CsHiNSQio; 

Carbon .... 30-38 30-18 30-34 

Hydrogen . . . 2-57 2-48 2-47 

Nitrogen. . . . 17-96 17-96 17-55 

Oxygen .... 49-09 49-38 49-64 

a Ann. der Pharni., XXVI., 260. 
3. Urea. 

Prouta Wohler and Liebig. 6 Calculated CgHiNSOi. 
Carbon . . . 19-99 20-02 20-192 

Hydrogen. . . 6-65 6-71 6-595 

Nitrogen . . . 46-65 46-73 46-782 

Oxygen . . . 26 63 26-54 26-425 

a Thomson's Annals, XI., 363. 
b Poggend. Ann., XX., 375. 

4. Crystallized Hippuric Acid, 

Liebig.'a Dumas. 6 Mitscherlich. c cw^NW. 

Carbon 60-742 60-5 60-63 60-76 

Hydrogen 4-959 4-9 4-98 4-92 

Nitrogen 7-816 7-7 7-90 7-82 

Oxygen 26-483 26-9 26-49 26-50 

a Ann. der Pharm., XII., 20. 

b Ann. de Ch. et de Phys., LVII., 327. 

c Poggend. Ann., XXXIII., 335. 

5. Allantoine. a 

WShler and Lieblg. * Calculated C8H6N4 Ob. 

Carbon 30-60 30-66 

Hydrogen . . . , . 3-83 3-75 

Nitrogen 35-45 35-50 

Oxygen 30-12 30-09 

a Ann. der Phann., XXVL, 215. 
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6. Uric ok Xanthic Oxide, a 





WbhlerandLiebig.* 


Calculated Cs H2 Ns Oi. 


Carbon . 


• • 


39-28 


39-86 


Hydrogen 


• • 


2-95 


2-60 


Nitrogen 


• • 


36-35 


37-72 


Oxygen . 


• • 


21-24 


20-82 



a Ann. der Phann., XXVI.. 344. 
7. Cystic Oxide, a 



Thaulow. * Calculated Cs Hs NOi 8^. 



Carbon . 


30-01 


30-31 


Hydrogen 


510 


4-94 


Nitrogen 


11-00 


11-70 


Oxygen . 


28 38 


26-47 


Sulphur . 


25-51 


26-58 



a Ann. der Pharm., XXVII., 200. 

The cystic oxide is distinguished from all the other 
coDcretions occurring in the urinary bladder by the sul- 
phur it contains. It can be shewn with certainty, that 
the sulphur is present neither in the oxidised state, nor in 
combination with cyanogen ; and in regard to its origin 
the remark is not without interest, that four atoms of 
cystic oxide contain the elements of uric acid ; benzoic acid, 
sulphuretted hydrogen, and water ; all of which are sub- 
stances, the occurrence of which in the body is beyond all 
doubt. 



1 atom uric acid . . . 
1 atom benzoic acid 
8 atoms sulphuret- 
ted hydrogen. 
7 atoms water 



I ret- i 



C,oN4H40e 

Hg Sj 

H,0, 



4 atoms cystic oxide = Cj4N«Hj«0|,S, =4 (CeNH'O^Sj). 
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An excellent method of detecting the presence of cystic 
oxyde in calculi or gravel is the following : 

The calculus is dissolved in a strong solution of caustic 
potash, and to the solution is added so much of a solution of 
acetate of lead, that all the oxide of lead is retained in solu- 
tion. When this mixture is boiled there is formed a black 
precipitate of sulphuret of lead, which gives to the liquid the 
aspect of ink. Abundance of ammonia is also disengaged ; 
and the alkaline fluid is found to contain, among other pro- 
ducts, oxalic acid. 





NOTE (33), p. 137. 




IPOSITIOI 


^ OF OXALIC, OXALURIC, 


AND P ARAB A 




NIC ACIDS. 




- 


1. Oxalic Acid (hydrated.) 






Gay Luasac & Th^nard. Berthollet. 


Calculated 
C2 03 +HO 


Carbon 


. 26-566 25-13 


26-66 


Hydrogen 


. 2-745 3-09 


2-22 


Oxygen . 


. 70-689 71-78 
2. OxALURic Acid, a 


71-12 


Carbon 


WohlerandLiebig.' 
. 27-600 27-318 


Calculated 
C6 Hi Ns Os 

27-59 


Hydrogen 


• 3-122 3-072 


3-00 


Nitrogen . 


. 21-218 21-218 


21-29 


Oxygen . 


. 48-060 48-392 
a Ann. der Pharai., XXVI., 289. 

3. Parabanic Acid, a 

WUhlerandLiebig." 


48-12 


Carbon 


. 31-95 31-940 


31-91 


Hydrogen 


. 2-09 1-876 


1-73 


Nitrogen . 


. 24-66 24-650 


24-62 


Oxygen . 


. 41-30 41-534 


41-74 



a Ann. der Pharm., XXVI., 386, 
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NOTE (34), p. 138. 

COMPOSITION OF ROASTED FLESH. 

(1.) 0-307 of flesh gave 0-584 of carbonic acid and 0.206 of waiet. 
(2.) 0-255 do. 0-485 do. 0-181 do. 

(3.) 0-179 do. 0-340 do. 0-125 do. 

Hence — 

Flesh of roedeer (1). Flesh of beef (2). Flesh of veal (3). ' 
Boeckmann. ' P.ay fair. * 



Carbon . . 52-60 52 590 52-52 

Hydrogen . . 7.45 7-886 7-87 

Nitrogen . . 15-23 15-214 14-70 

Ashe?" I • 24-72 24-310 24-91 



NOTE (35), p. 142. 

The formula C,(^H84Ni804o> or C54H42N90ao, gives, when 
reduced to 100 parts, 

Csi . . . • 5007 

H42 .... 6*35 

N9 , . . . 19-32 

O20' , . , , 24-26 

Compare this with the composition of gelatine, as given in 
Note (27.) 



NOTE (37), p. 154. 
COMPOSITION OF LITHOFELLIC ACID, a 

Ettling and Will*. Wohler ' c«hS(^^* 



Carbon . 71-19 70-80 70-23 70-83 70-83 
Hydrogen 10-85 10-78 10-95 10-60 10-48 
Oxygen • 17-96 18-42 18-92 18-57 18-69 

a Ann. der Chem. ui^d Pharm. XXXIX., 242, XLI., 154. 
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NOTE (38), p. 177. 

OMPOSITION OF SOLANINE FROM THE BUDS OF 
GERMINATING POTATOES, a 

Blanchet 
Carbon . . . . * 62-11 
Hydrogen .... 8*92 

Nitrogen . . . . I' 64 

Oxygen 27-33 

a Ann. der Pharm., VII., 150» 



NOTE (39), p. 177. 

COMPOSITION OF PICROTOXINE. a 

Francis.* 
Carbon . . * . . 60-26 
Hydrogen . . . . 5-70 

Nitrogen . * . . 1-30 

Oxygen 32-74 

a In another analysis, M. Francis obtained 0*75 per cent, of nitrogen. 
The picrotoxine employed for these analyses was partly obtained from 
the manufactory of M. Merck, in Dfiurostadt, and was partly prepared 
by M. Francis himself; it was perfectly white, and beautifully crystal- 
lized. Regnault, as is well known, found no nitrogen in this compound . 



NOTE (40), p. 177. 

COMPOSITION OP aUININE. 

Liebig.* Calculated 
C20H1SNO2. 

Carbon ..... 75-76 74-39 

Hydrogen .... 7-52 7-25 

Nitrogen .... 8-11 8-62 

Oxygen 8*62 9-64 
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NOTE (41), p. 177. 
COMPOSITION OP MORPHIA, a 





Liebig.* 
. . 72-340 


Regnault 


Calcalated 
C35H20NO( 


Carbon . 


72-87 


72-41 


72-28 


Hydrogen 


. . 6366 


6-86 


6-84 


6-74 


Nitrogen . 


• . 4-995 


5-01 


501 


4-80 


Oxygen . 


. . 16-299 


15-26 


15-74 


16-18 




a Ann. der Pharm., XXVI.j 


,23. 





NOTE (42), p. 177. 

COMPOSITION OF CAFFEINE, THEINE, GUARANINE, 
THEOBROMINE, AND ASPARAGINE. 

Caffeine, o Th^ine. 6 Guaranine.c cshTnI^Os 

PfaffandLiebig.* Jobst Martius. 

Carbon . . 49-77 50-101 49-679 49-798 

Hydrogen. . 5-33 5-214 5-139 5-082 

Nitrogen . . 28-78 29-009 29-180 28-832 

Oxygen . . 16-12 15-676 16-002 16-288 

a Ann. der Pharm., I., 17. 

b Do. XXV., 63. 

c Do. XXVI., 95. 

Guaranine is the name given to the crystallized principle 
of the guarana officinalis, till it was shewn to be identi- 
cal with caffeine and theine, as the above analyses demon- 
strate. 

COMPOSITION OF THEOBROMINE, a 







Woakreseusky. 




Calculated 
C9 Hs N8 08 


Carbon. . . 


. . 47-21 


46-97 


46-71 


46-43 


Hydrogen . 


. . 4-53 


4-61 


4-52 


4-20 


Nitrogen . . 


. . 35-38 


35-38 


35-38 


35-85 


Oxygen . . 


. . 12-88 


13-04 


13-39 


13-51 



a Ann. der Chem. und Pharm., ^^I., 125. 
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COMPOSITION OP ASPARAGINE. a 





Llebi^.* 


Calculated €8 Hs Ns Os + 2HO 


Carbon . • . • 


32-351 


32-35 


Hydrogen . • . 


6*844 


6-60 


Nitrogen . . • 


18-734 


18-73 


Oxygen • . . 


42-021 


42*32 



n Ann. der Pharm., VII., 146. 



ON THE CONVERSION OF BENZOIC ACID INTO 

HIPPURIC ACID.* 

ByWiluelm Keller. 

(From the Annsden der Chemie und i?hannacie.) 

So early as in the edition of Berzelius's " Lehrbuch der 
Chemie," published in 1831, Professor Wohler had expressed 
the opinion, that benzoic acid, during digestion, was proba- 
bly converted into hippuric acid. This opinion was founded 
on an experiment which he had made on the passage of 
bQhzoic acid into the urine. He found in the urine of a dog 
wbicb had eaten half a drachm of benzoic acid with 

'\ ♦Tothe evidence produced by A. lire, of the conversion of benzoic 
acid into hippuric acid in the human body, M. Keller has added some 
Tcry decisive proofs, which I append to this work on account of their 
physiological importance. The experiments of M. Keller were made 
in the. laboratory of Professor Wohler, at Giittingen; and they place 
beyond all doubt the fact that a non-azotised substance taken in the food 
can t£)ke a share, by means of its elements, in the act of transformation 
of the animal tissues, and in the formation of a secretion. This fact 
throws a clear light on the mode of action of tlie greater number of reme- 
dies ; and if the influence of caffeine on the formation of urea or uric acid 
should admit of being demonstrated in a similar way, we shall thenpoa- 
eess the key to the action of quinine and of tlie other vegetable alkalies.— 
J.L. 

28 



S26 APPENDIX. 

his food, an acid crystallizing in needle-shaped prisms, 
which had the general properties of benzoic acid, and 
which he then took for benzoic acid. (Tiedemann's 
Zeitschrift fiir Physiologie, i. 142.) These crystals were 
obviously hippuric acid, as plainly appears from the 
statements, that they had the aspect of nitre, and, when 
sublimed, leA a residue of carbon. But at that time hip- 
puric acid was not yet discovered ; and it is well known, 
that till 1829, when these acids were first distinguished 
from each other by Liebig, it was uniformly confounded 
with benzoic acid. 

The recently published statement of A. Ure, that he 
actually found hippuric acid in the urine of a patient who 
had taken benzoic acid, recalled this relation, so remark- 
able in a physiological point of view, and induced me to 
undertake the following experiments, which, at the sug- 
gestion of Professor W abler, I made on myself. The sup- 
posed conversion of benzoic acid into hippuric acid has, 
by these experiments, been unequivocally established. 

I took, in the evening before bed-time, about thirty- 
two grains of pure benzoic acid in syrup. During the 
night I perspired strongly, which was probably an effect 
of the acid, as in general I am with great difficulty made 
to transpire profusely. I could perceive no other effect, 
even when, next day, I took the same dose three times; 
indeed, even the perspiration did not again occur. 

The urine passed in the morning had an uncommonly 
strong acid reaction, even after it had been evaporated, 
and had stood for twelve hours. It deposited only the 
usual sediment of earthy salts. But when it was mixed 
with muriatic acid, and allowed to stand, there were 
formed in it long prismatic, brownish crystals, in great 
quantity, which, even in this state, could not be taken for 
benzoic acid. Another portion, evaporated to the con- 



ANALYTICAL EVIDENCE. 327 

nstence of syrup, formed, when mixed with muriatic acid, 
a magma of crystalliDc scales. The crystalline mass was 
pressed, dissolved in hot water, treated with animal char- 
coal, and recrystallizcd. By this means the acid was ob- 
tained in colourless prisms, an inch in length. 

Their crystals were pure hippuric acid. When heated, 
they melted easily ; and when exposed to a still stronger 
heat, the mass was carbonized, with a smell of oil of bitter 
almonds, while benzoic acid sublimed. To remove all 
doubts, I determined the proportion of carbon in the 
crystals, which I found to be 6J 4 pL^r cent. Crystallized 
hippuric acid, according to the formula C.sHgNOi + HO, 
contains 60*67 per cent, of carbon ; crystalllzad benzoic 
acid, on the other hand, contains 69*10 per cent, of car- 
bon. 

As long as I continued to take benzoic acid, I was able 
easily to obtain hippuric acid in large quantity from the 
urine ; and since the benzoic acid seems so devoid of any 
injurious effect on the health, it would be easy in this 
way to supply one's self with large quantities of hippuric 
acid. It would only be necessary to engacrc a person to 
continue for some weeks this new species of manufacture* 

It was of importance to exami.ic the urine which con- 
tained hippuric acid, in reference to the two normal chief 
constituents, urea and uric acid. Both were contained in 
it, and apparently in the same proportion as in the normal 
urine. 

The inspissated urine, after the hippuric acid had been 
separated by muriatic acid, yielded, on the addition of ni- 
tric acid, a large quantity of nitrate of urea. It had pre- 
viously deposited a powder, the solution of which in nitric 
acid gave, when evaporated to dryness, the well-known 
purple colour characteristic of uric acid. This observation 
is opposed tQ the statement of Ure ; and he is certainly too 
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hMtfty in recommending benzoic acid as a remed) 
gouty and calculous concretions of uric acid. H< 
to suppose that the uric acid has been employed in 
Tersion of benzoic acid into hippuric acid ; but as h 
vatioDS were made on a gouty patient, it may be s 
that the urine, even without the internal use of 
acidy would have been found to contain no uric acid 
ly, it is clear that the hippuric acid existed in the 
eombination with a base, because it only separated c 
addition of an acid. 
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INDEX. 



A. 

'^Acetic. Composition ; and relation to that of aldehyde, 279, 
280. 

'-Benzoic. Composition, and relation to ihat of oil of bitter al- 
mond:5, 279, 280. Converted into hippuric acid in the hu- 
man body, 150, 325. 

'■^Carbonic. Is the form in which the inspired ox3'gen and the 
carbon of ilie food are given out, 13. Its formation in the 
bodv the chief source of animal heat, 17 — 22. Occurs com- 
bined with potash and soda, in tlie serum of tlie blood, 41. 
Formed by the action of oxygen on the products of the 
metamorphf)sis of the tissues, 60. Its formation may also 
be connected with the production of fat from starch, 85—91. 
Generated b}*^ putrefaction of food in the stomach of animals, 
115. Also by the fertnentation of bad wine in man, when 
it causes death by penetrating into the lungs, 116. Escapes 
through both skin and lungs, ih. Produced, along with 
urea, by the oxidation of uric acid, 140. Produced, with 
several other compounds, by the oxidation of blood, ih. May 
be formed, along with choleic acid, from hippuric acid, 
starch, and oxygen, 152. Also, along with choleic acid, 
urea, and ammonia, by the action of water and oxygen on 
starch and proleine, ib. Produced, along with fat and urea, 
from proteine, by the action of water and oxygen, in the 
absence of soda, 154. Combines with the compound of 
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Acid. 

iron present in venoas blood, and is given oiT when oxygen 
10 abeorbed, 269. la absorbed by the serum of blood in all 
states, 270. 

'^Cerebrie. lt8Composjiiont.l84. Its properties, 186. 

^^ChoUie, Kepresents die organic portion of the bile, 133. Its 
formula, 134. Its transformations, 125. Half its ^rm da, 
added to that of urate of ammonia, is equal to the formula 
of blood + a little oxygen- and] water, 136. Frodueed in 
the oxidation of blood, 140. Views which may be taken of 
lis composition, 148. May be formed' by the action of 
oxygen anci water on proteine and starch, 152. Products of 
its oxidation, 154. Various ways in which it may be sufh 
posed to- be formed in the body, 160.. Its composition, 315. 
CaniKit be said to exist ready formed in the bile, 317. 

«¥-C%o/ic. Its com |X)sition, 318. Derived from choleic acid, 134» 
135. Possible relaXion to. choleic acid, 148. 

— -CAo/oiV/ic. Its composition, 315. Derived. from choleic acid, 
135. Possible relation to clioleic acid, 148. Possible re« 
lation to starch, 157U Possible relation to proteine, 141. 

'^'Cyanic., Its formula, 281.. 

«->C7yanuric.. Its formula, 281. 

''^^I^ppuric^ Its composition, 319. Appears in the urine of 
stall-fed animals, 82. I^ destroyed by exercise, 82. 139. Is 
probably formed in. the oxidation of blood, 140. Is found 
in the human urine after benzoic acid has been administered,. 
150, 325. May be derived from proteipe when acted.on by 
oxygen, apd uric acid, 151. Wiih starch and oxygen, it 
may [iroduce choleic and carbonic acids, 152. May be de- 
rived frotn. tlie oxidation of choleic acid, 154. 

^^Hydrocyanic or Prussic. Its poisonous action explained, 274. 

•^Lithofellic. Its composition, 322. Probably derived from the 
oxidation of choleic acid : is the chief constituent of bezoar 
stones, 154. 

"^Lactic, Its composition* 309. Its origin, 111. Does not exist 
in the healthy gastric juice, 112. 

'-^Margaric. Exists in bile, 317.. 

'^Muriatic. Exists in the free state in the gastric juice, 109», 
112. Is derived from common salt, 112, 161. 
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Acid. 

^^Oxaluric, Analysis of, 321. 
^^Parabanic, Analysis of, 321. 

^^Phospkoric. Exists in the urine of the carnivora in consider- 
able quantiry, 78, 163. Its proportion very small in that 
of the graminivora, 79. Derived from the pliosphorusof the 
tissues, 78. It is retained in tlie Tx)dy to form bones and 
nervous matter, 80. 
-^Sulphuric. Exists in the urine of the carnivora, 78, 163. De- 
rived from the sulphur of the tissues, 78. 
— ITric. Its composition, 318. Products of its oxidation, al- 
loxan, oxalic acid, carbonic acid, urea, ^c, 137, 140. Is 
probably derived, along with choleic acid, by the action of 
oxygen and water on blood or muscle, 136. Disappears 
almost entirely in the system of man and of the higher ani- 
mals, 55, 137. Appears as calculus, when there is a defi- 
ciency of oxygen, 137. Never occurs in pthisical cases, t&. 
Yields mulberry calculus when the quantity of oxygen is 
somewhat increased, but only urea and carbonic acid with a 
full supply of oxygen, ib. Uric acid calculus promoted by 
the use of fat and of certain wines, 139. Unknown on the 
Khine, ib. Uric acid and urea, how related to allantoinct 
141 ; to gelatine. 142. Forms the greater part of the urine 
of serpents, 54. Yields, with the elenr.ents of proteine and 
oxygen, hippuric acid and urea, 151. How related to 
taurine, 155, 156. Calculi of it never occur in wild car- 
nivora, but often in men who use little animal food, 146. 
Affinity, Chemical. Is the ultimate cause of the vital pheno- 
mena, 9, 10. Is active only in the case of contact, and de- 
pends much on the order in which the particles are arranged, 
205. Its equilibrium renders a compound liable to transfbr<« 
mations, 207. In producing the vital phenomena, it is mo- 
dified by other forces, 209. It is not alone the vital force or 
vitality, but is exerted in subordination to that force, 232. 
Air. Introduced iuto the stomach during digestion with the 
saliva, 113. Effects of its temperature and density, dryness, 
^., in respiration, 15, 16. 
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Ajubum F.if . Animal and ve&:etab]e albumen identical, 47, 48. 
Their composition, 293, 294, 308, 309. Vegetable albumen, 
how obtained, 45. Is a compound of proteine, and in organic 
composition identical Avith fibrine and caseine, 47, 104, 106. 
Exists in the yolk as well as the white of eggs, 107. Also in 
the serum of the blood, 41. Is the true starting point of all 
the animal tissues, 107, 108. 

Alcohol. Is hurtful to carnivorous savages, 179. Its mode of 
action : checks the change of matter, 239. In cold climates 
serves as an element of respiration, 22. 

Aldehtde. Its composition; how related to that of acetic acid, 
279, 280. 

Alkalies. Mineral alkalies essential both to vegetable and ani- 
mal life, 164. Vegetable alkalies all contain nitrogen, all act 
on the nervous system, and are all poisonous in a moderate 
dose, 177, 182. Theory of their action : they take a share in 
the transformation or production of nervous matter, for which 
they are adapted by their composition, 182 — 189. Action of 
caustic alkalies on bile, or choleic acid, 134. 

Allantoine. Is found in the urine of the foetal calf. How de- 
rived from proteine. How related to urip acid and urea, 141. 
How related to choleic acid, 148. Its composition, 319. 

Allen and Pep ys. Their calculation of the amount of inspired 
oxygen, 283. 

Alloxan. Formed by the oxidation of uric acid, 137. Con- 
verted by oxidation into oxalic acid and urea, oxaluric and 
parabanic acids, or carbonic acid and urea, ib. How related 
to taurine, 156. Seems to act as a diuretic. Recommended 
for experiment in hepatic diseases, ib. (note). 

Almonds, Bittek. Oil of. Its composition; how related to 
benzoic acid, 280. 

Ammonia. Combined with uric acid it forms the urine of ser- 
pents, birds, &c., 54. Its relation to choleic, choloidic, and 
cholic acids, 135. Is one of the products which may be 
formed by the oxidation of blood, 140 ; or of proteine, 152. 
Its relation to uric acid, urea, and taurine, 155. To allan- 
toine and taurine, 155, 156. To alloxan and taurine, 156. 
To choleic and choloidic acid and taurine, 158. To urea. 
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water, and carbonic acid, 159. Is found in combination with 
acids in the urine of ihe carnivora, 163. 

AiCALTSis. Of dry blood, 283, 314. Of dried flesh, 314. Of 
faeces, 285. Of black bread, ib. Of potatoes, ib. Of peas, 
lb. Of beans, ib. Of lentils, ib. Of fresh meal, ib. Of 
moist bread, ib* Of moist potatoes, ib. Of the fibrine and 
albumen of blood, 293, 310, 311. Of vegetable fibrine and 
albumen, vegetable caseine and gluten, 294, 295. Of animal 
caseine, 295. Of starch, 296, 297. Of grape or starch sugar, 
297. Of sugar of milk, 298. Of gum, i6. Of oais, ifc. Of 
hay, 299. Of far, 300. Of cane-sugar, ib. Of choleslerine, 
ib. Of wax, 307. Of cyanic acid, cyanuric acid, and cyame- 
lide, 308. Of aldehyde, metald.hyde, and elaldehyde, 307. Of 
proteine, 308. Of albumen from the yolk and white of egg, ib. 
Of lactic acid, 309. Of gas from the stomach of cows after 
eating to excess, ib. Of gas from stomach and intestines of 
executed criminals, ib. Of gelatinous tissues, 311. Of tissues 
containing chondrine, 31*2. Of arterial membrane, 7*6. Of 
horny tissues, ib. Of the lining membrane of the egg^ 313. 
Of feathers, ih. Of the pigmeritum nigrum, ib. Of choleic 
acid, 315. Of taurine, ib. Of eholoidic acid, ib. Of cholic 
acid, 318. Of uric acid, ib. Of alloxan, 319. Of urea, tfe. 
Of hippuric acid, ib. Of allantoine, ib. Of xanlhic oxide, 
320. or cystic oxide, 2"/;. Of oxalic aciil, 320. Ofoxaluric 
acid, ib. Of parabanic acid, ib. Of roasted flesh, 322. Of 
lithofellic acid, ib. Of solanine, 323. Of jiicrotoxine, ib. 
Of (juinine, ib. Of inorphia, 324. Of caffeine, theine, or 
guaranine, i6. Of theobromine, i6. Of nsparagine, 325. 

AiviMAL Hkat. Derived from the combination of oxygen with 
the carbon and hydmgen of the m^jiamorphosed tissues, which 
proceed ultimately from the food, 17, 18. Is highest in those 
animals whose respiration is most active, 19. Is the same 
in man in all climates, 19, 20. Is kept up by the food 
in pn)|)oriion to amount of external ccxiling, 22. Is not pro- 
duced either by any direct influence of the nerves, or by mtis- 
cular contractions, 29 — 34. Its amount in man, 34. Che- 
mical action the sole source of it, 38. The fiirmatitm of fat 
from starch or sugar must produce heat, 91, 94. The ele* 
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ments of the bile, by combining with oxygen, serve chi^y to 
pnMhjce it, 61. 

A?(iiiAL LiFK. Disiino^uished frrmi vegetable life by the absorp- 
tion of oxygen, and I he production of carbonic acid, 2. Must 
not be conloiinded with consciousness, 6, 7. Conditions ne- 
cessary to animal life, 9, 12. Depends on an equilibrium be- 
tween waste and supply, 245, 254, 265. 

Antiskptics. They aci by putting a stop to fermenlation, putre- 
faction, or other forms of metamorphosis, 170. Their action 
on wounds and ulcers, 121. 

Arteriks. Composition of their tunica media, 312. How de- 
rived fmm proteine, 126. 

Arterial Blood. Conveys oicygen to every part of the body, 
60. 269. Contains a compound of iron, most pmbably per- 
oxide, 2C9. Yields oxygen in passing through the capillaries, 
60, 271. Contains carbonic acid dissolved or combined with 
sofja, 272. 

A8Paraoi;«e. Its composition, 325. Its relation to taurine and 
bile, 180. Theory of its action on the bile, 181. 

Assimilation. In animals it is iiide|)endent of external influ- 
ences, 3. Depends on the presence in the blood of compounds 
of proteine, such as fibrine, albumen, or caseine, 40, 106. Is 
more energetic i:i the young than in the adult animal, 67. Is 
also more energetic in the lierbivora than in the carnivora, 81* 

Atmosphekk. See Air. 

AzoTisKO Products. Ofvenetablelife, 45, 176 — 182. Of the 
metamorphosis of tissues. Necessary for the formation of bile 
in the hcrbivora, 158. In man, 166, 168. May be replaced 
by azo^ised vegetable compounds, 169 — 170. Theory of this, 
177 — 182. Of the transformation of the bile, or of choleic 
acid ; how related lo the constituents of urine, 155. 

B. 

Beans. Composition of, 285. 

Beer. Forms part of the diet of soldiers in Germany, 286, 288. 
Bees. Their |)ower of forming wax from honey, 301—306. 
Benzoic Acid. See Acid, Benzoic. 
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Bkethollxt. His analysis of oxalic acid, 321. 

Berzelius. His analysis of potato starch, 297 ; of sugar of milk, 
398 ; of gum, ib, ; of cane sugar, 300. 

Bezoar stones. See Acid, Lithofellic. 

Blanchet. His analysis of solanine, 323. 

Bile. In the camivora is a product of the metamorphosis of the 
tissues, along with urate of ammonia, 136. May be repre- 
sented by choleate of soda, with which, however, it is not iden- 
tical, 317. Products of its transformation, 135, 317. Re- 
marks on these, 315 — 318. Origin of bile, 61, 144. Starch, 
&^., contribute to its formation in the herbivora, 146— 
150, 159, 160, 166. Soda essential to it, 154, 162—164. 
Relation of bile to urine, 156. To starch, 157. To fibrine, 
136. To caffeine, &c., asparagine, and theobromjne, 180. 
For the acid substances derived from bile, choleic, choloidic, 
and cholic acids, see Acid, choleic, 6cc. Yields taurine, 135. 
Contains cholesterine, 85, 317. Also stearic and margaric 
acids, 317. Its function : to support respiration and produce 
anidial heat by presenting carbon and hydrogen in a very 
soluble form to the oxygen of the arterial blood, 61—64. 
Amount secreted by the dog, the horse, and man, 64. It re- 
turns entirely into the circulation, and disappears completely, 
60—66, 

BiiOOD. The fluid from which every part of the body is formed, 
8. Its chief constituents, 40. How formed from vegetable 
food, 45. Can only be formed from compounds of proteine, 48. 
Is therefore entirely derived from vegetable products in the 
herbivora, and indirectly also by the camivora, which feed on 
the flesh of the former, 48. Its composition identical with that 
of flesh, 133. Analysis of both, 314. The secretions contain 
all the elements of the blood, 132. ItB relation to bile and 
urine, 136. Products of the oxidation of blood, 140. Excess 
of azotised food produces fulness of blood and disease, 145. 
Soda is present in the blood, 161 — 164. Important properties 
of the blood, 171 — 175. Venous blood contains iron, probably 
as protoxide ; arterial blood, probably as peroxide, 271, 273- 
Theory of the poisonous action of sulphuretted hydrogen and 
Prussic acid : they decompose the compound of iron in the 
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blood, 274. The blood, in analogous morbid states, ongfat to be 
chemically examined, 275. 

Blood-letting. Theory of its mode of action, 258. It may 
produce opposite effects in different cases, 264. 

BcECKMAifif. His analysis of black bread, 285; of potatoes, ih,; 
of dry beef, 314; of dry blood, ib.; of roasted flesh, 322. 

Bones. Phosphoric acid of the food retained to assist in fbrmiog 
them, 80. Gelatine of bones digested by dogs, 97. See, fur- 
ther. Gelatine. Cause of brittleness in bones, 99. 

BoussiNOAULT. His analysis of potatoes, 285. His comparison 
of the food and excretions in the horse and cow, Table, 290. 
His analysis of gluten, 294; of vegetable albumen, ib.; of ve- 
getable caseine, 295; of oats, 298; of hay, 299. 

Braconnot. On the presence of lactic acid in gastric juice, 112; 
of iron in the gastric juice of the dog, 113. 

Brain. See Acu>, Cerebrict and Nervous Matter. 

Bread. Analysis of, 285. 

Brunn. His analysis of sugar of milk, 298. 

Buckwheat. Analysis of starch from, 296. 

BuRDACH. His statement of the amount of bile secreted by ani- 
mals, 64. 

Butter. Forms a part of the food of soldiers in Germany, 286, 
288. 

Buzzard. Its excrements consist of urate of ammonia, 54. 

c. 

Caffeine. Identical with theine, 179. Its relation to taurine 
and bile, 180. Theory of its mode of action, 181. Its compo- 
sition, 324. 

Cane Sugar. Its composition, 300. 

Carbon. Is accumulated in the bile, 61. Is given off as car- 
bonic acid, 13. Excess of carbon causes hepatic diseases, 24. 
By combining with oxygen, it yields the greater part of the 
animal heat. See Animal Heat, Bile, and Acid, Carbonic. 
Amount of carbon oxidised daily in the body of a man, 14. 
Calculations on which this statement is founded, 284 — 289. 
Amount consumed by the horse and cow, 14. Different pro- 



INDEX. 339 

portions of carbon in different kinJs of food, 17. Carbon of 
flesh compared with that of starch, showing the advantage of a 
mixed diet, 76. Calculation on which this statement is founded, 
299. Amount of carbon in dry blood calculated, 283. Amount 
in the food of prisoners calculated, 293. 

Carbonic Acid. See Acid, Carbonic, 

Carbonates. They occur in the blood, 41. 

CAI.CULUS, Mulberry. Derived from the imperfect oxidation of 
uric acid, 137. Uric acid calculus is formed in consequence of 
deficiency of inspired oxygen, or excess of carbon in the food, 
137. See Acid, C/rie. Bezoar stones composed of lithofellic 
acid, 154. 

Carnivora. Their nutrition the most simple, 44. It is ultimate- 
ly derived from vegetables, 48, 49. Their young, like gramini- 
vora, require non-azotised compounds in their food, 50. Their 
bile is formed from the metamorphosis of their tissues, 59, 61. 
The process of assimilation in adult and young carnivora 
compared, 67. Their urine, 78. The assimilative process in 
adult carnivora less energetic than in graminivora, 80. They 
are destitute of fat, 82. They swallow less air with their food 
than graminivora, 118. Concretions of uric acid are never 
found in them, 146. Both soda and ammonia found in their 

' urine, 163. 

Casein E. One of the azotised nutritious products of vegetable 
life, 47. Abundant in leguminous plants, 47. Identical in 
organic composition with fibrine and albumen, 47, 48. Animal 
caseine found in milk and cheese; identical with vegetable 
caseine, 51. Furnishes blood to the young animal, 52. Is 
one of the plastic elements of nutrition, 96. Yields proteine, 
105, 106. Its relation to proteine, 126. It contains sulphur, 
ih. Potash essential to its production, 164. Contains more 
*■•' of the earth of bones than blood does, 52. Its analysis, 295. 

Cerebric Acid. See Acid, Cerehric, 

Change of Matter. See Metamorphosis of Tissues. 

Chemical Attraction. See Affinity. 

Chevreul. His researches on fat, 84. His analysis of fat, 300 ; 
of cholesterine, ih. 

Chloride of Sodium. See Common Salt. 
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Cholkic Acid. See Acid, Choleie* 

Cholestsrink* See Bile. 

Chouc Acid. See Acid, Owlie. 

Choloidig Acid. See Acid, Choloidic. 

Cbond&ine. Its relatioQ to pioteine, 126. Analysis of tissues 
coDtainiog it, 312. 

Chronic Diseases. The actuui of inspired oxygen is the cause 
of death in them, 27, 28. 

Chtu:. When it has reached the thcMracic doet, it is alkalioe, 
and contains alhumen coagulable by heat, 145. 

Cbtme. It is formed independently of the vital force, by a che- 
mical transformation, 108. The substance which causes this 
transformation is derived from the living membrane of the 
stomach, 109. Chyme is acid, 145. 

Clothing. Warm clothing is a substitute for food to a certain 
extent, 22. Want of clothing accelerates the rate of cooliog, 
and the respiratioDS, and thus increases the appetite, ib. 

Cold. Increases the appetite by accelerating the respiratioo, 22. 
Is most judiciously employed as a remedy in cerebral inflam- 
mation, 261. 

Concretions. See Calculus, and Acid, Urie; also Acid, 
IMh4>feUic. 

Constituents, Azotised, Of blood : see Fibrins, and Albu- 
men. Of vegetables : see Fibrine, Vegetable ; Albumen, 
Vegetable ; Caseine, Vegetable ; Alkalies, Vegetable ; and 
Caffeine. Of bile: see Acid, Choteid Cholic, and ChoUndie* 
Of urine : see Acid, Uric; Urea, and Allan toine. 

Cooling. See Cold and Clothing. 

Couerbe. His analysis of cholesterine, 300. 

Cow. Amount of carbon expired by the, 14. Comparison of 
the food with the excretions of the cow, 291. 

Crum. His analysis of cane sugar, 300. 

Cultivation. Is the economy of force, 78. 

Cyamelide. Its formula, 280. 

Cyanic Acid. See Acid, Cyanic. 

Cyanide of Iron. Its remarkable properties, 269. 

Cyanuric Acid. See Acid, Cyanuric* 
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D, 

Dayt. Oxygen consumed by an adult man, 283. 

Death. Cause of, in chronic diseases, 27, 28. CauJNHl in <4<l 
people by a slight depression of temperature, 255. Dcifinili^m 
of it, 254. 

Demar^at. His analysis of choleic acid, choloidic acid, «n«l 
taurine, 315. Kemarks on his Researches on Bile, 31 (i. 

Denis. His experiments on the conversion of fibrine into alhu* 
men, 42. 

Desfretz. His calculation of the heat developed in the com- 
bustion of carbon, 34. 

Diabetes Mellitus. The sugar found in the urine in x\m 
disease is grape sugar, and is derived fh)m the starch oflh* 
food, 95. 

Diastase. Analogy between its solvent action on starch, and 
that of the gastric juice on coagulated albumen, 111. 

Diffusion of Gases. Explains the fact that nitrngon is giv«n 
out through the skin of animals, 118 ; and the poisonous action 
of feather-white wine, 116. 

Digestion. Is efifected without the aid of the vital force, by a 
metamorphosis derived from the transformation of a substance 
proceeding from the lining membrane of the stomach, 109. 
The oxygen introduced' with the saliva assists in the process, 
113. Lactic acid has no share in it. 111, 112. 

Disease. Theory of, 254 et seq. Cause of death in chronic dis- 
ease, 27. Disease of liver caused by excess of carbon or de- 
ficiency of oxygen, 23. Prevails in hot weather, 24. 

Dog. Amount of bile secreted by, 64. Digests the gelatine of 
bones, 97. His excrements contain only bone eartli, 98. 
Concretion of urate of ammonia said to have been found by 
Lassaigne in a dog, doubtful, 146 (note). 

Dumas. His analysis of cboleic acid, 315 ; of choloidic acid, 
ib* ; of taurine, ib, ; of cholic acid, 318; of hippuric acid, 319. 

E. 

Eggs. Albumen of the white and of the yolk identical, 107. 
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ADalysis of both, 308; of lining nnembrane, 313. The fat of 
the yolk may contribute to the formation of nervous matter, 
108. This fat contains iron, 107. 

Elaldeuyde. See Aldehyde. 

Elements. Of nutrition, 96. Of respiration, ib, 

Empyreumatics. They check transformations, 170. Their ac- 
tion on ulcers, 121. 

EquiLiBRiuM. Between waste and supply of matter is the ab- 
stract state of health, 245, 258. Transformations occur in 
compounds in which the chemical forces are in unstable ^equi- 
librium, 109. 

Ettling. His analysis of wax, 307. Ettling and Will* 
Their analysis of lithofellic acid, 322. 

Excrements. Contain little or no bile in man and in the 
herbivora, none at all in the dog and other camivora, 64. 
Those of the dog are phosphate of lime, 98. Those of serpents 
are urate of ammonia, 54. Those of birds also contain that 
salt, 54. Those of the horse and cow compared with their 
food, 290, 291. 

Excretions. Contain, with the secretions, the elements of the 
blood or of the tissues, 132 — 136. Those of the horse and 
cow compared with their food, 290, 291. Bile is not an ex- 
cretion, 63. 

F. 

Fjeces. Analysis of, 285. 

Fat. Theory of its production from starch, when oxygen is de- 
ficient, 83 et seq, ; from other substances, 86. The formation 
of fat supplies a new source of oxygen, 89; and produces heat^ 
90 et seq. Maximum of fat, how obtained, 94. Camivora 
have no fat, 82. Fat in stall-fed animals, 89. Occurs in some 
diseases in the blood, 95. Fat in the women of the East, 99 • 
Composition compared with that of sugar, 84, 85. Analysis 
of fat, 300. Disappears in starvation, 25. Is an element of 
respiration, 96. 

Fattening of Animals. See Fat. 

Featherwhite Wine. Its poisonous action, 116. 
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F£BRii«E Paroxtism. DefiDitioD of, 256. 

Febling. His analysis of metaldehyde and elaldehyde, 307. 

Fermentation. May be produced by any azotised matter in a 
state of decomposition, 120. Is arrested by empyreumatics, 
t6. Is analogous to digestion, 119. 

Fever. Theory and definition of, 256. 

Fibre. Muscular. See Flesh. 

FiBRiNE. Is an element of nutrition, 96. Animal and vegetable 
fibrine are identical, 45. Is a compound of proteine, 105. Its 
relation to proteine, 126. Convertible into albumen, 42. Is 
derived from albumen during incubation, 107. Its analysis, 
293, 294, 311. Vegetable fibrine, how obtained, 45, 46. 

Fishes. Yield phosphuretted hydrogen, 191 (note). 

Flesh. Consists chiefly of fibrine, but, from the mixture of fat 
and membrane, has the satre formula as blood, 133. Analysis 
of flesh, 314, 322. Amount of carbon in flesh compared with 
that of starch, 77, 299. 

Food. Must contain both elements of nutrition and elements of 
respiration, 96. Nutritious food, strictly speaking, is that 

_ alone which is capable of forming blood, 40. Whether derived 
from animals or from vegetables, nutritious food contains pro- 
teine, 44, 106 et seq. Changes which the food undergoes in 
the organism of the carnivora, 53 et seq. The food of the 
herbivora always contains starch, sugar, &c., 70. Food, how 
dissolved, 108 et seq. Azotised food has no direct influence on 
the formation of uric acid calculus, 138. £fiects of super- 
abundant azotised food, 145, 146. Non-azotised food contri- 
butes to the formation of bile, and thus to respiration, 147 et 
seq. Salt must be added to the food of herbivora, in order to 
yield soda for the bile, 162. Cafleine, &:c., serve a? food for 
the liver, 188. The vegetable alkalies may be viewed as food 
for the organs which form the nervous matter, 189. Amount 
of food consumed by soldiers in Germany, 286. Its analysis, 
284. Food of the horse and cow compared with their excre- 
tions, 290, 291. 
FoRMULJE. Explanation of their use, 280. How reduced to 100 
parts, 281. Formulae of albumen, fibrine, caseine, and animal 
tissues, 126. Formula of proteine, 121 ; of blood and flesh, 
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133 ; of fat, 85 ; of cholesterine, 85 ; of aldehyde, acetic acid, 
oil of bitter almoDds, and benzoic acid, 280 ; of cyamelide, 
cyanic acid, and cyanuric acid, 280 ; of choleic acid, 134 ; of 
choloidic acid and cholic acid, 135 ; of gelatine, 142 ; of hippa- 
ric acid, 150 ; of lithofellic acid, 154 ; of taurine, 155 ; of 
alloxan, 156. See Analysis. 

Francis. His analysis of picrotoxine, 323. 

Fremt. Lameyran and Fr^my. Their analysis of gas fW)m 
the abdomen of cows after excess in fresh food, 309. His re- 
searches on the brain, 43, 184. 

FREquENCT of the pulse and respiration in difierent animals, 19, 
292. 

Fruits. Contain very little carbon, and hence are adapted for 
food in hot climates, 17. 

G. 

Cas. Analysis of gas from abdomen of cows after excess in 
fresh food, 115, 309. Analysis of gas from the stomach and 
intestines of executed criminals, 115, 309. 

Gastric Juice. Contains no solvent but a substance in a state 
of metamorphosis, by the presence c^ which the food is dis- 
solved, 109. Contains free acid, ib. Contains no lactic acid, 
112. In the dog has been found to contain iron, 113. See Di- 
gestion, Chtme, Food. 

Gat-Lussac and Thenard. Their analysis of starch, 297 ; of 
sugar of milk, and of gum, 298 ; of cane sugar, 300 ; of wax, 
307; of oxalic acid, 321. 

Gelatine. Is derived from proteine, but is no longer a com- 
pound of proteine, and cannot form blood, 127 et seq. May serve 
as food for the gelatinous tissues, and thus spare the stomach 
of convalescents, 98, 130. In starvation the gelatinous tissues 
remain intact, 97. Its relation to proteine, 126. Its formula, 
142. Its analysis, 311, 322. 

Goebel. His analysis of gum, 298. 

Globules of the blood are the carriers of oxygen to all parts of 
the body, 171 — 175. They contain iron, 265 et seq, 

OjbVTEN. Contains vegetable fibrine, 45. Analysis of it, 295. 
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Gmemn. On the sugar of bile, 147. 

Goose. How fattened to the utmost, 94. 

6&AMINIVORA. See Herbivora. 

Grape-sugar. An element of respiration, 96. Is identical with 

starch sugar and diabetic sugar, 72. Its composition, 73. Its 

analysis, 297. 
Growth, or increase of mass, greater in graminivora than in 

camivora, 80. Depends on the blood, 40 ; and on compounds 

of proteine, 106. See Nutrition. 
Gum. An element of respiration, 96. Its composition, 73. Is 

related to sugar of milk, ib. Its analysis, 298. 
GuNDLACH. His researches on the formation of wax from honey 

<^the bee, 301. 

H, 

Hair. Analysis of, 312. Its relation to proteine, 126. Analysis 
of proteine from hair, 308. 

Hat. Analysis of, 299. 

Hepatic Diseases. Cause of, 23. 

Herbivora. Their blood derived from compounds of proteine 
in their food, 48. But they require also for their support non- 
azotised substances, 70. These last assist in the formation of 
their bile, 147. (^ seq. They retain the pliosphoric acid of their 
food to form bone and nervous matter, 80. Their urine con- 
tains very little phosphoric acid, 79. The energy of vegeta- 
tive life in them is very great, 81. They become fat when 
stall-fed, 82. 

Hess. His analysis of wax, 307. 

Htbernating Animals. Their fat disappears during the win- 
ter sleep, 25. They secrete bile and urine during the same 
period, 61. 

HippURic Acid. See Acid, Hippuric. 

Horn. Analysis of, 312. Contains proteine ; its relation to 
proteine, 126. Analysis of proteine from horn, 308. 

Horse. Amount of carbon expired by, 14. Comparison of his 
food with his excretions, 290. Force exerted by a horse in 
mechanical motion compared to that exerted by a whale* 337. 
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Htdroctanic Acid. See Acid, Hydrocyanic. 
Htdrogen. By combiDing with oxygen coDtributes to produce 
the animal heat, 25. 

I. 

Ice. Is judiciously employed as a remedy in cerebral inflam- 
mation, 261. 

Inorganic constituents of albumen, fibrine, and caseine, 41, 
121, 126. 

JoBST. His analysis of theine, 324. 

Jones, Dr. Bence. His analysis of vegetable fibrine, 291 ; of 
vegetable albumen, ih. ; of vegetable caseine, 295 ; of gluten, 
ih. ; of the albumen of yolk of egg, 308, 310 ; of the albumen 
of brain, 310. 

Iron. Is an essential constituent of the globules of the blood, 
265 et seq. Is found in the fat of yolk of egg, 107. Also in 
the gastric juice of the dog, 113. Singular properties of its 
compounds, 268. 

Isomeric Bodies. 103, 280. 

K. 

Keller. His researches on the conversion of benzoic acid into 

hippuric acid in the human body, 325. 
Kidneys. They separate from the arterial blood the nitroge- 

nised compounds destined for excretion. 

L. 

Lactic Acid. See Acid, Lactic. 

Lavoisier. His calculation of the amount of insjiired oxygen, 

12, 283. 
Lehman N. On the presence of lactic acid in gastric juice, 112« 
LiEBio. His analysis of sugar of milk, 298 ; of cane sugar, 

300; of aldehyde, 307; of uric acid, 318; of hippuric acid, 

319 ; of quinine, 323 ; of morphia, 324 ; of asparagine, 325. 

His calculation of the carbon daily expired as carbonic acid, 
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14, 284. Table, 289. His remarks on Demar9ay's researches 

on bile, 315—318. 
LiEBiG AND Pfaff. Their analysis of caffeine, 324. 
Li£BiG AND WoHLER. Their analysis of alloxan, 319 ; of urea, 

ib. ; of allantoina, ib, ; of xanthic oxide, 320 ; of oxaluric 

acid, 321 ; of parabanic acid, ib. 
Lentils. Contain vegetable caseine, 47. Analysis of, 264, 

285. Form part of the diet of soldiers in Germany, 287. 

Table, 289. 
Light. Its influence on vegetable life analogous to that of beat 

on animal life, 233. 
Lime. Phosphate of. See Bones. 
Liver. It separates from the venous blood the carbonised coa- 

stituents destined for respiration, 58. Diseases of the liver, 

bow produced, 23. Accumulation of fat in the liver of the 

goose, 95. 

M. 

Maize. Analysis of starch from, 297. 

Marchand. On the amount of urea in the vrine of the dog 

when fed on sugar, 61. His analysis of cholesterine, 300. 
Marcet. His analysis of gluten, 294. 
Martius. His analysis of guaranine, 324. 
Mechanical Effects. See Motion. 
Medicine. Definition of the objects of, 257 et seq. Action of 

medicinal agents, 170 et seq. 
Menzies. His calculation of the amount of inspired oxygen* 

12, 283. 
Metaldehtde. See Aldehyde. 
Metamorphosis of Tissues. 103 et seq. In other parts o^ 

the volume, passim. 
Milk. Is the only natural product perfectly fitted to sustain 

life, 51. Contains caseine, ib. Fat (butter), ib. Sugar of 

milk, ib. Earth of bones, 52. And potash, 164. 
Morphia. Contains less nitrogen than quinine, 177. Its ana* 

lysis, 324. 
Mitscherlich. His analysis of uric acid, 318; of hipparic 

acid, 319. 
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Momentum. Of force, 202. Of motion, i5. 

Motion. Phenomena of motion in the animal body, 196 et'seq, 
Difierent somtses of motion, 199. Momentum of jhptlbfk, 202. 
Motion propagated by nerves, 219. Voluntary and involun- 
tary motions accompanied by a change of form and structure 
in living parts, 220. Motion derived from change of matter, 
221 et seq. The cause of motion in the animal body is a pe- 
culiar force, 232. The sum of the effects of motion in the 
bodyxproportional to the amount of nitrogen in the urine, 245. 

Mnx«BER&T Calculous. See Calcui^us. 

MuLUER. Discovered proteine, 105. His analysis of fibrine of 
blood, 293. Of animal caseine, 296. Of proteine, 308. Of 
fibrine, 311. Of gelatine, i&. Of chondrine^ 312. 

Muscle. See Flesh. 

Muscular Fibre. Its transformation depends on the amoum 
of force expended in producing motion, 22d. 

N. 

Nerves. Are the conductors of the vital force, and of mechani- 
cal effects, 219. £ffects of the disturbance of their conducting 
power, 229. They are not the source of animal heat, 29L 

Nervous Life. Distinguished from vegetative, 38. 

Nervous Matter. Contains albumen, and fatty matter of a 
peculiar kind, 43. Vegetables cannot produce it, 50. The 
fat of yolk o£ egg probably contributes to its formation, 108. 
The phosphoric acid and phosphates, formed in the metamor- 
phosis of the tissues of the herbivora, are retained to assist in 
the formation of nervous matter, 80. The vegetable alkalies 
affect the nervous system, 182 — 184. Composition of cerebric 
acid, 184. Theory of the action of the vegetable alkalies, 185. 

Nitrogen. Essential to all organized structures, 42, 43. Sub- 
stances in the body which are destitute of it not organized, 43. 
Abounds in nutritious vegetables, 45. Nutritious forms in 
which it occurs, ih. et seq. Occurs in all vegetable poisons, 
177 ; also in a few substances which are neither nutritious nor 
poisonous, but have a peculiar effect on the system, such as 
caffeine, 177 et seq. 
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NiTROOENISED. See AZOTISSD. 

NoN-AzoTiSED. Constituents of food. See Starch. 

Nutrition. Depends on the blood, 40. On Albumen, fibrloe, 
or caseine, 40 et seq. Elements of nutrition, 96. Compounds 
of proteine alone are nutritious, 106. Occurs when the vital 
force is more powerful than the opposing chemical forces, 198. 
Theory of it, 210. Is almost unlimited in plants from the ab- 
sence of nerves, 212. Depends on the momentum of force 
in each part, 227. Depends also on heat, 243. 

o. 

Oats. Amount required to keep a horse in good condition, 74. 
Analysis of, 298. 

Oil of Bitter Almonds. Its composition. How related to 
benzoic acid, 279, 280. 

Old Age. Characteristics of, 248 et seq, 

Oppermann. His analysis of wax, 307. 

Organs. The food of animals always consist of parts of organs, 
2. Ail organs in the body contain nitrogen, 42, 43. There 
must exist organs for the production of nervous matter, 189 ; 
and the vegetable alkalies may be viewed as food for these 
organs, ib. 

Organized Tissues. All contain nitrogen, 42, 43. All such as 
are destined for effecting the change of matter are full of small 
vessels, 223. Their composition, 126. The gelatinous and 
cellular tissues, and the uterus, not being destined for that 
purpose, are differently constructed, 224. Waste of organized 
tissues rapid in carnivora, 76. 

Origin. Of animal heat, 17, 31. Of fat, 81 et seq. Of the 
nitrogen exhaled from the lungs, 114 et seq. Of gelatine, 127 
et seq.f 143. Of uric acid and urea, 135 et seq. Of bile, 135, 
143, 146 et seq., 159. Of hippuric acid, 150, 325. Of the 
chief secretions and excretions, 152. Of the soda of the bile, 
161 et seq. Of the nitrogen in bile, 168. Of nervous matter, 
183 et seq. 

Ortigosa. His analysis of starch, 297. 

Oxalic Acid. A product, along with urea, of the partial oxida- 

30* 



360 INDEX. 

tion of uric acid, occurriDg in the form of mulberry caleolii8» 
137. It8 analysis, 321. 
OxTeEN. Amount consumed by man daily, 12, 283. Amount 
consumed daily in oxidising carbon by the horse and cow, 14. 
The absorption of oxygen characterizes animal life, 2. The 
action of oxygen is the cause of death in starvation and in 
chronic diseases, 25—28. The amount of oxygen inspired 
varies with the temperature, dryness, and density of the air, 
16. Is carried by arterial blood to all parts of the body, 171. 
Fat differs from sugar and starch only in the amount of oxy- 
gen, 84. It also contains less oxygen than albumen, fibrine, 
&c., 86. The formation of fat depends on a deficiency of oxy- 
gen, 88 et seq. ; and helps to supply this deficiency, 89. Oxy- 
gen essential to digestion, 113. Relation of oxygen to some 
of the tissues formed from proteine, 126. Oxygen and water, 
added to blood or to flesh, yield the elements of bile and of 
urine, 135. Action of oxygen on uric acid, 136, 139 : on hip- 
puric acid, 82, 139; on blood, 140; on proteine, with uric acid, 
151 ; on proteine and starch, with water, 152 ; on choleic acid, 
154 ; on proteine, with water, 154. By depriving starch of 
oxygen and water, choloidic acid may be formed, 157. Oxy- 
gen is essential to the change of matter, 173. Its action on the 
azotised constituents of plants when separated, 213. Its action 
on the muscular fibre essential to the production of force, 220 
—226. Oxygen is absorbed by hybemating animals, 241. 
Is the cause of the waste of matter, 243 ; and of animal beat, 
244, 262. Blood-letting acts by diminishing the amount of oxy- 
gen which acts on the body, 258. Its absorption is the cause 
of the change of colour from venous to arterial blood, 265. The 
globules probably contain oxide of iron, protoxide in venous 
blood, peroxide in arterial, 267 et seq. All parts of the arterial 
blood contain oxygen, 173, 174, 266, 271. 

P. 

Pears. Analysis of starch from unripe, 297. 

Peas. Form part of the diet of soldiers in Germany, 287, 289.- 

Abound in vegetable caseine, 47. Analysis of peas, 285 ; of 

starch from peas, 296. 
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p£t>TS and Allen. Their calculation of the amount of inspired 
oxygen, 283* 

Peroxide of Iron. Probably exists in arterial blood, 267 ei seq, 

PrLiieER. His analysis of the gas obtained by puncture fiom 
the abdomen of cattle afler excess in green food, 309. 

Phenomena of motion in the animal body, 195 el seq* 

Phosphates. See Bones. 

Phosphoric Acid. See Acid, Phosphoric. 

Phosphorus. Exists in albumen and fibrine, 41, 48, 126. It is 
not known in what form, 121 et seq. Is an essential coostitueot 
of nervous matter, 184, 190. 

Phosphuretted Htdrogen. Occurs among the products of 
the putrefaction of fishes, 190, 191. 

PiCROTOxiNE. Contains nitrogen, 177 {note). Its analysis, 323. 

Plants. Distinguished from animals by fixing carbon and giv* 
ing out oxygen, 2, 213 ; by the want of nerves and of locomodve 
powers, 3. Their capacity of growth almost unlimited, 212. 
Cause of death in plants, 214. 

Platfair, Dr. L. His formula for blood, 113. His analysis 
of faeces, of peas, of lentils, of beans, 386; of flesh and of blood, 
314 ; of roasted flesh, 322. 

Poisons, Yegei^able. Always contain nitrogen, 176 et seq, 
Diflerent kinds of poisons, 170. Theory of the action of Prussic 
acid and sulphuretted hydrogen, 274. 

Polymeric Bodies, 103. 

Potash. Essential to the production of caseine or milk, 164. 

Potatoes. Amount of carbon in, 287. They form part of the 
diet of soldiers in Germany, ib. Analysis of, 285; of starch 
from, 297 ; of solanine from the buds of germinating potatoes, 
323. 

Prevost and Dumas. On the frequency of the pulse and respi- 
rations, 292. 

Products. Of the metamorphosis of tissues found in the bile 
and urine, 132. Of the action of muriatic acid on bile, 133. 
Of the action of potash on bile, 134. Of the action of water 
and oxygen on blood or fibre, 136. Of the oxidation of uric 
acid, 137. Of the oxidation of blood, 140. Of the action of 
water on proteine, 141. Of the action of urea on lactic and 
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beDzoic acids, 150. Of oxygen and uric acid on proteine, 151. 
Of oxygen on starch and hippuric acid, 152. Of oxygen and 
water on proteine and starch, 153. Of oxygen and water on 
proteine when soda is absent, 154. Of the separation oiaxj' 
igen from starch, 157. Of the action of water on nrea, 159. 
Of the action of water and oxygen on cafieine or theine, aspara- 
gine, and theobromine, 180. 

pROTEiivE. Discovered by Mulder, 105. Its composition, tft. 
Produced alone by vegetables, 106. Is the source of all the 
organic azotised constituents of the body, 107. Its formula, 
121. Its relation to fibrine, albumen, caseine, and all the 
animal tissues, 126. Gelatine no longer yields it, although 
formed from it, 129. Its relation to bile and urine, 136. Its 
relation to allantoine and choloidic acid, 141 ; to gelatine, 142; 
to hippuric acid, 151 ; to the chief secretions and excretions, 
152, 153 ; to fat, 154. Analysis of proteine from the crystal- 
line lens, from albumen, from fibrine, from hair, from horn, 
from vegetable albumen and fibrine, from cheese, 308. 

Frout. His analysis of starch, 297 ; of grape sugar from honey, 
ih. ; of sugar of milk, 298; of cane sugar, 300; of urea, 319. 
His discovery of free muriatic acid in the gastric juice, 112. 
On the effect of fat food on the urine, 139. 

P&ussic Acid. See Acid, Hydrocyanic, 

PuiiMONART Diseases. Arise from excess of oxygen, 23. 
Prevail in winter, 24. 

Pulse. Its frequency in different animals, 292. 

Putrefaction. Is a process of transformation, 109. Mem- 
branes very liable to it, 110. Effects of the putrefaction of 
green food in the stomach of animals, 115. Is analogous to di- 
gestion, 119. Putrefyii^g animal matters cause the fermenta- 
tion of sugar, 120. Is checked by empyreumatics, 121, 170.. 

Quinine. Contains nitrogen, 177. Its analysis, 323.. 

R. 

"R-EGNAULT. His aualysis of morphia, 324. 
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Reproduction of Tissues. See NutritiW, *V r^ *0^ 

Reproduction of the Species, 39. '^'•n^ '^-^^ 

Rhenish Wines. Contain so much tartar, that their uT^ 

vents the formation of uric acid calculus, 139. 
Respiration. Theory of, 265 et seq. Its connection with the 

food and with animal heat, 12 et seq, 

s. 

Salt, Common. Essential to the formation of bile in the herbi- 
Yora, and to that of gastric juice, 161 etseq. 

Saussure, De. His analysis of grape sugar and of starch sugar, 
297 ; of wax, 307. 

ScHERER, Dr. Jos. His analysis of albumen from serum of 
blood, 293 ; of fibrine of blood, ib. ; of vegetable fibrine, 294 ; 
of vegetable caseine, 295 ; of animal caseine, ib. ; of proteine 
from difierent sources, 308 ; of albumen from white of egg, 
ib. ; of albumen from difierent sources, 310; of fibrine, 311 ; 
of gelatine from diflferent sources, ib, ; of tissues containing 
chondrine, 312 ; of the tunica media of arteries, ib. ; of homy 
tissues, ib. ; of the lining membrane of the egg, 313 ; of feath- 
ers, ib. ; of the pigmentum nigrum oculi, ib. Results of his 
researches, 125, 126. 

Secretions. See Bile and Urine. 

Seguin. His calculation of the amount of inspired oxygen, 283. 

Serpents. Their excrements consist of urate of ammonia, 54. 
The process of digestion in them, 53. 

Sleep, Theory of, 228. Amount of sleep necessary for the 
adult, the infant, and the old man, 247 et seq. Induced by al- 
cohol or wine, 240. 

Soda. Essential to blood and bile, and derived from common 
salt, 161 et seq. 

Sodium, Chloride of. See Salt. 

SoLANiNE. Contains nitrogen, 177. Its analysis, 323. 

Starch. Exists in the food of the herbivora, 70. Is convertible 
into sugar, 70, 71. Its relation to gum and sugar, 73. Its 
function in food, 74 et seq. Amount of carbon in starch com- 
pared with that in flesh, 76, 77. Its composition co(Dpai;ed?> N 
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with that of fat, 34, 90. Is the source of diabetic sugar, 95. 
Is an element of respiration, 96. Dissolved by diastase. 111. 
Its relation to choleic acid, 15*2. Its relation to the principal 
secretions and excretions, 153 ; to choloidic acid, 157 ; to bile, 
158, 162, 164, 166. Its analysis from fifteen different plants, 
297. 

Starvation. Process of, 25. Cause of death in, 27. 

Strecker. His analysis of starch from 12 different plants, 297. 

Sugar. Analysis of grape-sugar, 297; of sugar of milk, 298; 
of cane-sugar, 300. Is an element of respiration, 96. 

Sulphur. Exists in albumen, andcaseine, 41, 126. 

Sulphuretted Hydrogen. Theory of its poisonous actioD, 
274. 

Sulphuric Acid. See Acid, Sulphuric, 

Supply of matter. See Nutrition. 

Supply and Waste. Equilibrium between them constitutes 
the abstract state of health, 254, 255. Effects of its disturb- 
ance, ib. ei seq. Means for restoring the equilibrium, 248, 257 
et seq, 

T. 

Tables of the food consumed by soldiers in Germany, 289. Of 
the food and excretions of the horse and cow, 290, 291. 

Taurine. How produced from bile, 133. Its relation to cho- 
leic acid, 135. Its relation to uric acid and urea, and to allan- 
toine, 155 ; to uric acid, 156 ; to alloxan, ib. ; to choloidic and 
choleic acids, and ammonia, 158 ; to caffeine or theine, 180 ; 
to asparagine, ib» ; to theobromine, ib., 181. 

Temperature. Its effects on the amount of inspired oxygen, 16, 
and on the appetite, 17 et seq. A slight depression of tem- 
perature causes death in aged people, 255. Temperature of 
the blood in different animals, 292. Temperature of the body 
constantly kept up by internal causes, 19—22. 

Tendons. Analysis of, 311. 

Thaulow. His analysis of cystic oxide, 320. 

Theine. Identical with caffeine, 179. And with guaranine, 
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324. Theory of its action, 181 et seq. Its relation to bile, 
180. Its analysis, 324. 

Theobromine. Analogous to theine, 179. Theory of its action, 
X81 et seq. Its relation to bile, 180, 181. Its analysis, 324 

Theory. Of animal heat, 17 et seq. Of digestion, 108 et seq. 
Of respiration, 265 et seq. Of the motions in the animal or- 
ganism, 195 et seq. Of disease, 254*ei5€g. Of the action of 
caffeine, &c., 181 et seq. Of the action of the vegetable alka- 
lies, 182 et seq. Of health, 254, 255. 

TiEDEMANN and Gmelin. Their attempt to support a goose 
upon albumen alone, unsuccessful, 106. 

Tissues, Metamorphosis of : see Metamorphosis. Ana- 
lysis of the animal tissues, 310, 313. Formulae of, 126. 

Tobacco. Arrests or retards the change of matter, 179. 

Transformation. See Metamorphosis. 

Turnips. Juice of, contains vegetable iibrine and albumen, 45, 
46. 

u. 

Urea. Derived from uric acid, 137, 140. Also from the oxi- 
dation of blood, 140; from allantoine, 141. Its relation to 
choleic acid, 148 ; to hippuric acid, 150 ; to proteine, 151 • 
to proteine and starch, 153 ; to proteine and fat, 154 ; to 
taurine, 155, 156 ; to carbonate of ammonia, 159; to theobro- 
mine, 180. Its analysis, 319. Occurs in the urine of those 
who have taken benzoic acid along with hippuric acid, 327. 

Urinary Calculi. See Calculus. 

Uric Acid. See Acid, Uric. 

V. 

Varrentrapp and Will. Their analysis of vegetable albu- 
men, 294. Of sulphate of potash and caseine, 295. 

Vegetables. Alone produce compounds of proteine, 106. 
Azotised constituents of, nutritious, 45 : medical or poison- 
ous, 1 76. Analysis of those vegetables which are used for 
food, 285 et seq* 
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VEesTABLE Life. Distingaiehed from nervous life, 38. Pre- 
dominates in the early stages of life, ib. Also in the female, 
39. 

Venous Blood. See Blood. 

Vital Force, or vitality. Definition of, 1 et seq. Theory of, 
195 et seq. 

VoGEL. His analysis of gas from the ahdomen of cattle after 
excess in green food, 309. 

w. 

Water. Is one of the two constituents of the body which con- 
tain no nitrogen, 43. Its use as a solvent, ih, Contributes 
to the greater part of the transformations in the body, 136, 140, 
141, 142, 148, 163, 154, 156, 156, 157, 159, 180, 181. 

Wax. On its production from honey by the bee, 301 — 306. Its 
analysis, 307. 

Wheat. Contains vegetable fibrine, 46. Analysis of fibrine, 
albumen, and gluten, from wheat, S94. 

Will and Ettling. Their analysis of lithofellic acid, 322. 

WiWE. The wines of the south promote the formation of calcu- 
lus, 139. But not Rhenish wines, ib. Theory of its action, 
239, 240. 

WosKRESENSKT. His analysis of theobromine, 324. 

Y. 

Yams. Analysis of starch from, 297. 
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